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It is to our immortal countryman, Bacon^ tbat we owe tbe 
broad announcement of tbis grand and fertile principle ; and tbe 
developement of tbe idea, tbat tbe wbole of natural pbUoBopby 
consists entirely of a series of inductive generalizations, com- 
mencing witb tbe most circumstantially stated particulars, and 
carried up to universal laws, or axioms, wbicb comprebend in 
tbeir statements every subordinate degree of generality; and of 
a corresponding series of inverted reasoning from generals to 
particulars, by wbicb tbese axiomis are traced back into tbeir 
remotest consequences, and all particular propositions deduced 
from tbem ; as well tbose by wbose inmiediate considerations we 
rose to tbeir discovery, as tbose of wbicb we bad no previous 
knowledge. /4^ o ^ '^ 

Hebsohel, DUcov/rse on Naiv/ral Philosophy , Art. 96. 
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PREFACE. 



Even if Bacon's Novum Organon had possessed the 
character to which it aspired as completiely as was 
possible in its own day, it woidd at present need reno- 
vation : and even if no such book had ever been writ- 
ten, it would be a worthy undertaking to determine 
the machinery, intellectual, social and material, by 
which human knowledge can best be augmented 
Bacon could only divine how sciences might be con- 
structed; we can trace, in their history, how their 
construction has taken place. However sagacious were 
his conjectures, the facts which have really occurred 
must give additional instruction : however large were 
his anticipations, the actual progress of science since 
his time has illustrated them in all their extent. And 
as to the structure and operation of the Organ by 
which truth is to be collected from nature, — that is, 
the Methods by which science is to be promoted — ^we . 
know that, though Bacon's general maxims are saga- 
cious and animating, his particular precepts failed in 
his hands, and are now practically useless. This, 
perhaps, was not wonderful, seeing that they were, as 
I have said, mainly derived from conjectures respect- 
ing knowledge and the progress of knowledge; but at 

a9, 
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the present day, wlien, in several provinces of know- 
ledge, we have a large actual progress of solid truth 
to look back upon, we may make the like attempt 
with the prospect of better success, at least on that 
ground. It may be a task, not hopeless, to extract 
from the past progress of science the elements of an 
effectual and substantial method of Scientific Disco- 
very. The advances which have, during the last three 
centuries, been made in the physical sciences; — in 
Astronomy, in Physics, in Chemistry, in Natural His- 
tory, in Physiology; — ^these are allowed by all to be 
veal, to be great, to be striking; may it not be that 
the steps of progress in these different cases have in 
them something alike? May it not be that in each 
advancing movement of such knowledge there is some 
common principle, some common process? May it 
not be that disoovmes are made by an Orgcm which 
has something uniform in its working? If we can 
shew that this is so, we shall have the New Orgcm, 
which Bacon aspired to construct, renovated according 
to our advanced intellectual position and office. 

It was with the view of opening the way to such 
an attempt that I imdertook that survey of the past 
progress of physical knowledge, of which I have given 
the results in the History of the Sciences, and the 
History of Scientific Ideas^; the former containing 
the history of the sciences, so far as it depends on 



1 Published in two fonner editions as part of the PkUoaophy of the 
Inductive Sdencea (b. L— x.). 
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PREFACE. V 

observed Facta; the latter containing the history of 
those Ideas by which such Facts are bound into 
Theories* 

It can hardly happen that a work which treats of 
Methods of Scientific Diaooy^ry, shall not seem to 
&il in the positive results which it offers. For an 7 
Art of Discovery is not possibla At each step of the 
investigation are needed Invention, Sagacity, Crenius, 
—elements which no art can give. We may hope in 
vain, as Bacon hoped, for an Organ which shall enable . 
all men to construct Scientific Truths, as a pair of \, 
compasses enaUes all men to cotistruct exact circles'. )i 
This cannot be. The practical results of the Philoso- 
phy of Science must be rather classification and 
analysis of what has been done, than precept and 
method for future doing. Tet I think that the me- 
thods of discovery which I have to recommend, thou^ 
gathered from a wider survey of scientific history, 
both as to subjects and as to time, than (so &r as I am 
aware) has been elsewhere attempted, are quite as 
definite and practical as any others which have been 
proposed; with the great additional advantage of being 
the methods by which all great discoveries in science 
have really been made. This may be said, for instance, 
of the Method of Gradaium and the Method of Natural 
Glass^lcaUon, spoken of b. iii. c. viii; and in a nar- 
rower sense^ of the Method of Cvarves, the Method of 



' Nw. Org. lib. L aph. 6x. 
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Mecms, the Method of Least Squares dud the Method 
of BesidTies, spoken of in chap, vii of the same Book. 
Also the Remarks on the Use of Hypotheses and on 
the Tests of Hypotheses (b. ii c. v) point out features 
which mark the usual course of discovery. 

But one of the principal lessons resulting from our 
views is imdoubtedly this: — ^that different sciences 
may be expected to advance by different modes of 
procedure, according to their present condition; and 
that in many of these sciences, an Induction performed 
by any of the methods which have just been referred 
to is not the next step which we may expect to see 
made. Several of the sciences may not be in a condi- 
tion which fits them for such a Colligation of Facts; 
(to use the phraseology to which the succeeding ana- 
lysis has led me). The Fact9 may, at the present 
time, require to be more fully observed, or the Idea 
by which they are to be colligated may require to be 
more fully unfolded. 

But in this point also, our speculations are far from 
being barren of practical results. The examination 
to which we have subjected each science, gives us the 
means of discerning whether what is needed for the 
further progress of the science, has its place in the 
Observations, or in the Ideas, or in the union of the 
two. If observations be wanted, the Methods of Ob- 
servation, given in b. iiL c. ii. may be referred to. If 
those who are to make the next discoveries need, for 
that purpose, a developement of their Ideas, the modes 
in which such a developement has usually taken 
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place are treated of in Chapters ilL and iv. of that 
Book. 

No one who has well studied the history of science 
can &il to see how important a part of that history- 
is the explication, or as I might call it, the clarified^ 
tion of men's Ideas. This, the metaphysical aspect of 
each of the physical sciences, is rery for from being, 
as some have tried to teach, an aspect which it passes 
through at an early period of progress, and previously 
to the stage of positive knowledge. On the contrary, 
the metaphysical movement is a necessary part of the 
inductive movement. This, which is evidently so by 
the nature oi the case, was proved by a copious collec- 
tion of historical evidences, in the History of Scientific 
Ideas. The ten Books of that History contain an 
account of the principal philosophical controversies 
which have taken place in all the physical sciences, 
from Mathematics to Physiology. These controversies, 
which must be called metaphysical if anything be so 
called, have been conducted by the greatest discoverers 
in each science, and have been an essential part of the 
discoveries made. Physical discoverers have differed 
from barren speculators, not by having tio metaphysics 
in their heads, but by having good metaphysics in 
their heads while their adversaries had bad; and by 
binding their metaphysics to their physics, instead of 
keeping the two asunder. I trusfc that the History of 
Scientific Ideas is of some value, even as a record of a 
number of remarkable controversies; but I conceive 
that it also contains an indisputable proof that there 
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is, in progressiYe science, a metaphysical as well as a 
physical element; — ^ideas as well as facts; — ^thoughts 
as well as things. Metaphysics is the process of as- 
certaining that thought is consistent with itself : and 
if it be not so, onr supposed knowledge is not know- 
ledge. 

In Chapter vi, of the Second Book, I hare spoken of 
the Logic of Induction, Several writers' have quoted 
very emphatically my assertion that the Logic of Induc- 
tion does not exist in previous writers: using it as an 
introduction to Logical Schemes of their own. They 
seem to have overlooked the fact that at the same time 
that I noted the deficiency, I offered a scheme which I 
think fitted to supply this want. And I am obliged to 
say that I do not regard the schemes proposed by any 
of those gentlemen as at all satisfiictoiy for the purpose. 
But I must defer to a future occasion any criticism of 
authors who have written on the subjects here treated. 
A critical notice of such authors formed the Twelfth 
Book of the former edition of the Fhilosophy of the 
Sdencea. 1 have there examined the opinions concern- 
ing the Nature of Beal Knowledge and the mode of 
acquiring it, whidi have been promulgated in all ages, 
fix)m Plato and Aristolle, to Itoger Baoon, to Francis 
Bacon, to Newton, to Herschel. Such a survey, with 
the additions which I should now have to make to it, 
may hereafter be put forth as a separate book : but I 



* Apdt Die Tfuorie iier Induction: Ontxy Logique* 
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have endeayonred to confine the present volume to snch 
poeitive teadiing regarding Knowledge and Science aa 
reBults £rom the inyestigations pursued in the other 
works of this series. But with regard to this matter, 
of the Logic of Inckustioriy I may venture to say, that 
we shall not find anything deserving the name ex^ A 
plained in the common writers on Logic, or exhibited 
imdar the ordinary Logical Forms. That in previous 
writers which comes the nearest to the notice of sudi a 
Logic as the history of science has suggested and veri- c v^ 
fied, is the striking declaration of Bacon in two of his 
Aphorisms (b. L apL dv. cv.). 

"There will be good hopes for the Sciences then, 
and not till then, when by a true scale or Ladder, 
and by successive steps, following continuously without 
gaps or breaks, men shall ascend from particulars to 
the narrower Proposition&f, from those to intermediate 
ones, rising in order one above another, and at last to 
the most general. 

" But in establishing such propositions, we must de- 
vise some other Fobm of iKDUcnoir than has hitherto 
been in use; and this must be one which serves not 
only to prove and discover Principles, (as very general 
IVopositions are called,) but also the narrower and the 
intermediate, and in short, all true Propositions." 

And he elsewhere speaks of successive Floors of 
Induction. 

All the truths of an extensive science form a Series 
of such Floors, connected by such Scales or Ladders; 
and a part of the Logic of Induction consists, as I 



Digitized 



by Google 



X PREFACE. 

oonoeive, in the oonstruction of a Scheme of such 
Moors. Converging from a wide basis of various 
classes of particulars, at last to one or a few general 
truths, these schemes necessarily take the shape of 
a Pyramid. I have constructed such Pyramids for 
Astronomy and for Optics^; and the illustrious Yon 
Humboldt in speaking of the former subject, does me 
^ the honour to say that my attempt in that depart- 
ment is perfectly successful*. The Logic of Induction 
contains other portions, which may be seen in the 
following work, b. iL c. vi. 

I have made large additions to the present edition, 
especially in what regards the Application of Science, 
(b. iiL c iz.) and the Language of Science. The 
former subject I am aware that I have treated veiy 
imperfectly. It would indeed, of itself, fiimish mate- 
rial for a large work; and would require an acquaint- 
ance with practical arts and manufactures of the most 
exact and extensive kind. But even a general ob- 
server may see how much more close the union of Art 
with Science is now than it ever was before; and what 
large and aT^jiDatiPg hopes this union inspires, both 
for the progress of Axt and of Science. On another 
subject also I might have dilated to a great extent, 
— ^what I may call (as I have just now called it) the 
social machinery for the advancement of science. There 
can be no doubt that at certain stages of sciences; 



« See the Tables at the end of book IL 
* ComoSf ToL U. n. 35. 
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Societies and Ajssociations maj do much to promote 
their further progress; bj combining their obseira- 
tions, comparing their views, contributing to provide 
material means of observation and calculation, and 
dividing the oflGlces of observer and generalizer. We 
have had in Europe in general, and especiallj in this 
country, very encouraging examples of what may be 
done by such Associations. For the present I have 
only ventured to propoimd one Aphorism on the sub- 
ject, namely this; (ApL LY.) That it is worth con- 
sidering whether a continued and connected system of 
observation and calculation, like that of Astronomy, 
might not be employed in improving our knowledge 
of other subjects; as Tides, Currents, Winds, Clouds, 
Eain, Terrestrial Magnetism, Aurora Borealis, compo- 
sition of crystals, and the like. In saying this, I have 
mentioned those subjects which are, as appears to 
me, most likely to profit by continued and connected 
observations. 

I have thrown the substance of my results into 
Aphorisms, as Bacon had done in his Nowm Or- 
gomum. This I have done, not in the way of deliver- 
ing dogmatic assertions or oracular sentences; for 
the Aphorisms are all supported by reasoning, and 
were, in fiict, written after the reasoning, and ex- 
tracted from it I have adopted this mode of gather- 
ing results into compact sentences, because it seems to 
convey lessons with additional clearness and emphasis. 

I have only to repeat what I have already said; that 
this task of adapting the Novum Organum to the 
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present state of Physical Science, and of consbructing a 
Newer Orgcm which may answer the purposes at which 
Bacon aimed, seems to belong to the present genera- 
tion; and being here founded upon a survey of the 
^ past history and present condition of the Physical 
Sciences, will I hope, not be deemed presumptuous. 

Tbinitt Lodch, 

I NovemheTf 1858. 
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NOVUM ORGANON 
RENOVATUM. 



NOV. OBG. 1 
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De Scientiis turn demum bene sperandum est, quando per 
ScALAK 'veram et per gradus continuos, et non intermissos aut 
bi{;Ico8, a particularibus ascendetur ad Axiomata minora, et 
deinde ad media^ alia aliis superiora, et postremo demum ad 
generalissima. 

In constituendo autem Axiomate, Forma iNDUcnONiB alia 
quam adbuc in usu fait, excogitanda est ; et quae non ad Principia 
tantum (quae vocant) probanda et invenieada, sed etiam ad Axio- 
mata minora, et media, denique omnia. 

Bacon, Nw. Org., Aph. civ. cv. 
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NOVUM OEGANON BENOVATUM. 



The name Organon was applied to the works of 
Aristotle which treated of Logic, that is, of the method 
of establishing and proving knowledge, and of refuting 
erronr, by means of Syllogisms. Francis Bacon, hold- 
ing that this method was insufficient and futile for 
the augmentation of real and useful knowledge, pub- 
lished his Novum Organon, in which he proposed for 
that purpose methods from which he promised a better 
success. Since his time real and useful knowledge has 
made great progress, and many Sciences have been 
greatly extended or newly constructed; so that even 
if Bacon's method had been the right one, and had 
been complete as far as the progress of Science up to 
his time could direct it, there would be room for the 
revision and improvement of the methods of arriving 
at scientific knowledge. 

Inasmuch as we have gone through the Histories 
of the principal Sciences, from the earliest up to the 
present time, in a previous work, and have also traced 
the History of Scientific Ideas in another work, it 
may perhaps be regarded as not too presumptuous if 
we attempt this revision and improvement of the 
methods by which Sciences must rise and grow. This 

1—2 
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4 NOVUM ORGANON RENOVATUM. 

is our task in'the present volume; and to mark the 
reference of tlds imderfaking to tlie work of Bacon, we 
name our book Novv/m Orgomon Renovatum, 

Bacon lias delivered his precepts in Aphorisms, 
some of them stated nakedly, others expanded into 
dissertationa The general results at which we have 
arrived by tracing the history of Scientific Ideas are 
the groundwork of such Precepts as we have to give : 
and I shall therefore begin by summing up these 
results in Aphorisms, referring to the former work 
for the historical proof that these Aphorisms are true. 
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! CxVUKOU'SlA. J 
NOVUM ORGANON RENOVATUM. 



BOOK L 



APHORISMS CONCERNING IDEAS DERIVED FROM 
THE HISTORY OF IDEAS. 



I. 

MAN is the Interpreter of Nature^ Science the right 
interpretation. {History of Scientific Ideas: Book i. Chap- 
ter 1.) 

n. 

The Senses place before us the Characters of the Book 
of Nature; hut these convey no knowledge to us, till we 
have discovered the Alphabet by which they are to be read* 
(Ibid. L 2.) 

III. 

The Alphabet, by tneans of which we interpret Pheno- 
mena, consists of the Ideas existing in our own minds ; for 
these give to the phenomena that coherence and significance 
which is not an object of sense, (i. 2.) 

IV. 

The antithesis of Sense, and Ideas is the foundation of 
the Philosophy of Science. No knowledge can exist without 
ihe union, no philosophy without the separation, of these two 
elements, (i. 2.) 
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Fact aiid Theory correspond to Sense on the one hand, 
and to Ideas on the other, so far as we are conscious of our 
Ideas: hut all facts involve ideas unconsciously; and thus 
the distinction of Facts and Theories is not tenable, as that 
of Sense and Ideas is. (i. 2.) 

VI. 

Sensations a/nd Ideas in our knowledge are like Matter 
and Form in bodies. Matter cannot exist without Form, 
nor Form without Matter: yet the two are altogether dis- 
tinct and opposite. There is no possibility either ofseparat" 
ing, or of confounding them. The same is the case unth 
Sensations and Ideas, (i. 2.) 

YIL 

Ideas are not traxitformed, but informed Sensations; for 
without ideas, sensations Jtave no form, (i. 2.) 

VIII. 

The Sensations are the Objective, the Ideas the Subjec- 
tive part of every act of perception or knowledge, (i. 2.) 

IX. 

General Terms denote Ideal Conceptions, (ts a circle, an 
orbit, a rose. These are not Images of real things, as was 
held by the Realists, but Conceptions : yet they are concep- 
tions, not bound together by mere Name, as the Nominalists 
held, but by an Idea. (i. 2.) 

X, 

It has been said by some, that all Conceptions are merely 
states or feelings of the mind, but this insertion only tends 
to confound what it is our business to distinguish, (i. 2.) 

XL 

Observed Facts are connected so as to produce new truths, 
by superinducing upon them an Idea: and such truths are 
obtained by Induction, (i. 2.) 
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XIL 

Truths once obtained by legitimate Induction are Facts : 
these Facts may he again connected, so cu tojproduce higher 
truths : and thus we advance to Successiye Qeneralizations. -^ 
(1.2.) 

XIIL 

Truths obtained by Induction are made compact and 
permanent by being expressed in Technical Terms, (i. 3.) 

XIV. 

Eaperience cannot conduct us to universcd and necessary 
truths: — Not to universal, because she has not tried all 
cases : — Not to necessary, because necessity is not a matter 
to which experience can testify, (i. 5.) 

XV. 

Necessary truths derive their necessity from the Ideas 
which they involve ; and the existence of necessary truths ^^ 
proves the existence of Ideas not generated by experience. 
(I. 5.) 

XVI. / 

In Deductive Reasoning, we cannot have any truth in y 
the conclttsion which is not virtually contained in the prer 
mises. (i. 6.) 

XVII. 

In order to acquire any exact and solid knowledge, the 
student must possess with perfect precision the ideas appro^ 
priate to that part of knowledge: and this precision is y 
tested by the students perceiving ike axiomatic evidence of 
the axioms belonging to each Fundamental Idea. (i. 6.) 

XVIII. 

The Fundamental Ideas which it is most important to 
consider, as being the Bases of the Material Sciences, are the 
Ideas of Space, Time (including Number), Cause (includ- 
ing Force and Matter), Outness of Objects, and Media of 
Perception of Secondary Qualities, Polarity (Contrariety), 
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8 APHORISMS 

Chemical Oomposition and Affinity, Substance, Likeness 
and Natural Affinity, Means and Ends (whence the Notion 
of Organization)^ Symmetry, €md the Ideas of Vital Powers. 
(I. 8.) 

XIX. 

The Sciences which depend upon the Ideas of Space and 
Number are Pore Sciences, not Inducfiye Sciences: they do 
not infer special Theories Jrom Facts, but deduce the eon-^ 
ditions of all theory from Ideas. The Elementary Pure 
Sciences, or Elementary Mathematics, are Geometry, Theo^ 
retieal Arithmetic and AlgdmL (u. 1.) 

XX. 

The Ideas on which the Pure Sciences depend, are those 
of Space amd Number ; but Number is a modification of 
the conception of Repetition, which belongs to the Idea of 
Time. (n. 1.) 

XXI. 

The Idea of Space is not derived from easperience, for 
experience of external directs presupposes bodies to exist in 
Space. Space is a condition under which the mind receives 
the impressions of sense, and therefore the relations of space 
are necessarily and universally true of aU perceived objects. 
Space is a form of our perceptions, and regulates them, 
whatever the matter of them may be. (ii. 2.) 

XXII. 

Space is not a General Notion collected by abstraction 
from particular eases ; for we do not speak of Spaces in 
general, but of universal or absolute Space. Absolute Space 
is infinite. AU special spaces are in absolute space, and are 
parts of it. {a. 3.) 

XXIIL 

Space is not a real object or thing, distinct from the 
objects which exist in it; btU it is a real condition of the 
existence of external objects, (n. 3.) 
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XXIV. 

We have an Intuition of oljeete in space ; that is, we 
contemplate objects as made up of spatted parts, and apprc 
hend their spcUial relations by the same act by which we 
apprehend the objects themselves, (n. 3.) 

XXV. 

Form or Figure is space limited by boundaries. Space 
has necessarily three dimensionSf length, breadth, depth; and 
no others which cannot be resolved into these, (n. 3.) 

XXVI. 

The Idea of Space is exhibited for sdenti^ purposes, by 
the Definitions and Axioms of Qeom^iry; such, for instance, 
as these: — *^ Definition of a Right Angle, and of a Circle; 
— the Definition of Parallel Lines, and the Axiom con- 
cerning them ; — the Axiom that two straight lines cannot 
inclose a space. These Definitions are necessary, not arbi' 
trary ; and the Axioms are needed oa well as the Definitions, 
in order to express the necessary conditions which the Idea of 
Space imposes, (u. 4.) 

XXVII. 

The Definitions and Axioms of Elementary Geometry do 
not completely exhibit the Idea of Space* In proceeding 
to the Higher Geometry, we may introduce other additional 
and independent Aaeioms ; such as that of Archimedes, that 
a curve line which joins two points is less than any 
broken line joining the same points and including the 
cuTFe line. (n. 4.) 

XXVIII. 

The perception of a solid object by sight requires that act 
of mind by which, from figure amd shade, we infer distance 
and position in space. The perception of figure by sight 
requires that act of mind by which we give an outline 
to each object, (ii. 6.) 
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XXIX. 

The perception of Form by touch is not cm impression on 
the p€usive sense^ btU requires an act of our muscular frame 
by which we become aware of the position of our oum limbs. 
The perceptive faculty involved in this act has been called 
the muscular sense, (u. 6.) 

XXX 

Tlte Idea of Time is not derived from eaperienee, for 
experience of changes presupposes occurrences to take place in 
Time. Time is a condition under which the mind receives 
the impressions of sense, and therefore the relations of time 
are necessarily and universally true of all perceived occur- 
rences. Time is a form of our perceptions, and regulates 
them, whatever the matter of them may be. (n. 7.) 

XXXI. 

Time is not a General Notion collected by ahstrctciion 
from particular cases. For we do not speak of particular 
Times as examples of time in general, but as parts of a 
single and infinite Time. (il. 8.) 

XXXII. 

Tim^ like Space, is a form, not only of perception, but 
of Intuition. We consider the whole of any time as equal 
to the sum of the parts ; and an occurrence as coinciding 
unth the portion of time which it occupies, (ii. 8.) 

XXXIII. 

Time is analogous to Space of one dimension: portions 
of both have a beginning and an end, are long or short. 
There is nothing in Time which is analogous to Space of 
two, or of three, dimensions, and thtM nothing which corre^ 
sponds to Figure, (n. 8.) 

XXXIV. 

The Repetition of a set of occurrenees, as, for example, 
strong and weak, or long and short sounds, according to a 
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itectdfsut order^ produces Rhythm, which is a conc^tion 
psctdiar to TirM, as Figure is to Space, (n. 8.) 

XXXY, 

The simplest form of Repetition is thcU in which there is 
no variety, and thtu gives rise to the conception of Number, 
(u. 8.) 

XXXYI. 

The simplest numerical truths are seen by Intuition; wTien 
we endeavour to dedv^ce the more complex from these sim^ 
plesty we employ such maxims as these: — If equals be added 
to equals the wholes are equal: — If equals be subtracted 
from equals the remainders are equal: — The whole is 
equal to the sum of all its parts, (n. 9) 

XXXVII. 

The Perception of Time involves a constant and latent 
kind of memory f which may he termed a Sense of Succes- 
sion. The Perception of Number also involves this Sense of 
Succession, although in small numbers we appear to appre- 
hend the Wilts simultaneously and not successively, (n. 10.) 

XXXYIII. 

The Perception of Rhythm is not an impression on the 
passive sense, but requires an act of thought by which we 
connect and group the strikes which form the Rhythm, 
(n. 10.) 

XXXIX. 

Intuitive is opposed to Discursire reason. In intuition, 
we obtain our conclusions by divelling upon one aspect of 
the fundamental Idea; tn discursive reasoning, we combirie 
several aspects of the Idea, {tJtat is, several axioms,) and 
reason from the combination, (u. 11.) 

XL. 

Oeometriedl deduction (and deduction in general) is caU- 
ed Synthesis, because we introduce, at successive steps, ths 
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results of new principles. But in reasoning on the rdatums 
of space, we sometimes go on separating truths into their 
component truths, and these into other component truths; and 
so on: and this is geometrical Analysis, (n. 11.) 

XLI. 

Among the foundations of the Higher MaihematicSy is the 
Idea of Symbols considered as general Signs of Q^antitt/. 
This idea of a Sign is distinct from, and independent of 
other ideas. The Axiom to which we refer in reasoning by 
means of Symbols of quantity is this: — The interpretation 
of such symbols must be perfectly general. This Idea of 
Axiom are the bases of Algebra in its most general form. 
(n. 12.) 

XLII. 

Among the foundations of the Higher Mathematics is 
also the Idea of a Limit. The Idea of a Limit cannot be 
superseded by any other defnitions or Hypotheses. The 
Axiom which we employ in introducing this Idea into our 
reasoning is this: — What is true up to the Limit is true 
at the Limit. This Idea and Axiom are the bases of all 
Methods of Limits, Fluxions, Differentials, Variations, and 
the like. (n. 12.) 

XLIIL 

Tliere is a pure Scienee of Motion, which does not depend 
upon observed facts, biU upon the Idea of motion. It may 
also be termed Pure Mechanism, in opposition to Mechanics 
Proper, or Machinery, which involves the mechanical con- 
ceptions of force and matter. It has been proposed to name 
this Pure Science of Motion, Kinematics, (n. 13.) 

XLIV. 

The pure Mathematical Sciences must be successfdly cuU 
tivated, in order that the progress of the principal Inductive 
Sciences may take place. This appears in the case of Astro^ 
nomy, in which Science, both in ancient and in modem 
times, each advance of the theory has depended upon the pre* 



Digitized 



by Google 



CONCERNING IDEAS. 1 3 

vious soluiion of problems in pure mathematics. It appears 
also inversely in the Science of the Tides, in which, at pre* 
sent, we cannot advance in the theory, because we cannot 
solve the requisite problems in the Integral Calculus, (n. 14.) 

XLV. ^^---"X 

The Idea of Cause, modified into thejconceptionyof me- J 
chanical cause, or Force, amd resistance t^Joi^or Matter, Y 
18 the foundation of the Mechanical Sciences: that is. Me- V 

chanics, (including Statics and Dynamics^ Hydrostatics, 
and Physical Astronomy, (in. 1.) 

XLVI. 

* The Idea of Cause is not derived from experience; for in 
judging of occurrences which we contemplate, we consider 
them as being, universally and necessarily. Causes and Ef- V 
feets, which a finite experience could not authorize us to do. 
The Axiom, that every event musf have a cause, is true in- 
dependently of experience, and beyond the limits of experi- 
ence, (ni. 2.) 

XLYII. 

The Idea of Cause is expressed for purposes of science by 
these three Axioms: — ^Every Event must have a Cause: — 
Causes are measured by their Effects: — Reaction is equal 
and opposite to Action, (m. 4.) 



si 



XLVIIL 

The Conception]^ Force involves the Idea of Cause, as 
applied toihe moti6nand rest of bodies. The conception of 
force is suggested by muscular cation exerted: the conception 
of matter arises from muscular action resisted. We neces- 
sarily ascribe to all bodies solidity and inertia, since we 
conceive Matter as. that which cannot be compressed or moved 
unihout resistance, (ni. 6.) 

XLIX. 
Mechanical Science depends on the Conception of Force; 
and is divided into Statics, the doctrine of Force preventing 
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motion^ and Dynamics^ the doctrine of Force producing 
motion, (m. 6.) 



The Science of Statics depends upon the Axiom, that Ac- 
tion and Reaction are equal, which in Statics assumes this 
form: — ^When two equal weights are supported on the 
middle point between them, the pressure on the fulcrum 
is equal to the sum of the weights, (m. 6.) 

LI. 

The Science of Hydrostatics depends upon the Fundamen' 
tal Principle that fluids press equally in all directions. 

!j This principle necessarily results from the conception of a 
' Fluid, as a body of which the parts are perfectly moveable 
in all directions. For since the Fluid is a body, it can 
transmit pressure; and the transmitted pressure is equal to 
the original pressure, in virtue qf the Aanom that Reaction 
is equal to Action. That the Fundamental Principle is not 

X derived from experience, is plain both from its evidence and 
from its history, (in. 6.) 

LII. 

The Science of Dynamics depends upon the three Axioms 
above stated respecting Cause, The First Axiom,— ^that every 
change muAt have a Cause, — gives rise to the First Law of 
Motion, — that a body not acted upon by a force will move 
with a uniform Telocity in a straight line. The Second 
Axiom, — that Causes are measured by their Effects, — gives 
rise to the Second Law of Motion, — that when a force acts 
upon a body in motion, the effect of the force is com- 
pounded with the previously existing motion. The Third 
Axiom, — that Reaction is equal and opposite to Action, — 
gives rise to the Third Law of Motion, which is expressed 
in the same terms as the Axiom; Action and Reaction 
being understood to signify mom>entum gained and lost, 
(in. 7.) 
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LIII. 

The above Laws of Motion, historically/ speaking, were 
established by means of experiment: but since they liave been 
discovered and reduced to their simplest form, they have been 
considered by many philosophers as self-evident. This result 
is principally due to the introduction and establishment of 
terms and definitions, which enable us to express the Laws in 
a very simple manner, (in. 7.) 

LIY. 

In the establishment of the Laws of Motion, it happened, 
in several instancies, that Principles were assumed as self' 
evident which do not now appear evident, but which have 
since been demonstrated from the simplest and most evident 
principles. Thus it was assumed that a perpetual motion >/ 
is impossible; — that the velocities of bodies acquired by 
falling down planes or curves of the same vertical height 
are equal; — that the actual descent of the center of gra- 
vity is equal to its potential ascent. But we are not hence 
to, suppose that these assumptions were made without ground: 
for since they really follow from the laws of motion, they 
were probably, in the minds of the discoverers, the results of 
undeveloped demonstrations which their sagacity led them to 
divine, (m. 7.) 

LY. 

It is a Paradox that Experience should lead us to truths 
confessedly universal, and apparently necessary, such as the 
Laws of Motion are. The Solution of this paradox is, 
that these laws are interpretations of the Axioms of Causa- 
tion, The axioms are universally and necessarily true, but 
the right interpretation of the terms which they involve, is 
learnt by experience. Our Idea of Cause supplies the Form, 
Experience, the Matter, of these Laws. (ni. 8.) 

LVI. 

Primary Qualities of Bodies are those which we can con^ 
ceive as directly perceived; Secondary Qualities are those 



Digitized 



by Google 



1 6 APHORISMS 

whicJi we conceive at perceived by means of a Medium, 
(IT- 1.) 

LVIL 

We necessarily/ perceive bodies as without us; th e Idea o f 
"ExtemsMt J is one of the conditions of percq>tionf (ir^l.) 

LVIII. 

We necessarily ixsswne a Medium for the perceptions of 
lAghtj Colour^ Sounds Heatf OdowSt Tastes; and this Me- 
divm must convey impressions by means of its mechanical 
attributes, (nr. 1.) 

UX 

Secondary Qualities are not extended but intensire: 
their effects are not augmented by addition of parts, but by 
increased operation of the medium. Hence they are not 
measured directly y but by scales; not by units, but by de« 
grees. (iv. 4.) 

LX. 

In the Scales of Secondary QucUitieSf it is a condition 
(in order that the scale may be complete^) that every example 
of the quality must either agree vfith one of the degrees of 
the Scale, or lie between two contiguous degrees, (iv. 4.) 

LXL 

We perceive by means of a medium and by means of 
impressions on the nerves: but we do not (by our senses) per- 
ceive either the medium or the impressions on the nerves, 
(IV. 1.) 

LXII. 

The Prerogatires of the Sight are, that by this sense we 
necessarily and immediately apprehend the position of its 
objects: and that from visible drcumstamces, we infer the 
distance of objects from us, so readily that we seem to pef 
ceive and not to infer, (rr. 2.) 
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LXIIL 

The Prerogatires of the Hearin^f are^ that by thii iense 
we perceive rdatiom perfectly precise and definite between 
two noteSi namdyf Musical Intervals (as an Octaye, a 
Fifth); and tJiat when two notes are perceived together, they 
are apprehended cls distinct, (a Chord,) and cu having a 
certain retation^ (Concord or Discord.) (nr. 2.) 

LXIV. 

The Sight cannot decompose a compound colour into 
simple eoloursy or distinguish a compound from a simple 
colour. The Hearing cannot directly perceive the placet stiU 
less the distance, of its objects: we infer these obscurely and 
vaguely from audible circumstances, (nr. 2.) 

LXY. 

The First Paradox of Vision is, that we see objects up- 
right, though the images on the retina are inrerted. The 
solution is, that we do not see the image on the retina at all, 
we only see by means of it. (iv. 2.) 

LXVI. 

The Second Paradox of Vision is, that we see objects 
single, though there are two images on the retinas, one in 
each 6^6. The eoopUmation is, that it is a Law of Vision 
that we see (small or distant) objects single, when their images 
fM on corresponding points of the two retinas. (lY. 2.) 

LXVIL 

The law of single vision for near objects is this: — When 
the two images in the two eyes are situated, part for part, 
nearly but not exactly, upon corresponding points, the object 
is apprehended as single and solid if the two ejects are such 
as would be produced by a single solid object seen by the eyes 
separately, (it. 2.) 

LXVIIL 

The ultinuae object of each of the Secondary Mechanical 
Sciences is, to determine the nature and laws of the processes 
NOV. OBG. 2 
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1 8 . APHORISMS 

by which the impression of the Secondary Q^alvty treated of 
is conveyed: btit before we discover the cause, it may he 
necessary to determine the laws of the phenomena; and for 
this purpose a Measure or Scale of each quality is necessary. 
(IV, 4.) 

LXIX. 

Secondary qualities are measured by means of such effects 
as can be estim^ated in number or space, (iv. 4.) 

LXX. 

The Measure of Sounds, as high or low, is the Musical 
Scale, or Harmonic Canon, (iy, 4.) 

LXXI. 

The Measures of Pure Chlours are the Prismatic Scale; 
the same, including Fraunhofer^s Lines; and Newton's 
Scale of Colours, The principal Scales of Impure Colours 
are Wernei's Nomenclature of Colours^ and Merim^e's 
Nomenclature of Colours^ (ly. 4.) 

LXXII. 

The Idea of Polarity involves the conception of contrary 
properties in contrary directions: — the properties being, for 
example, attraction and repulsion, darkness and light, syn- 
thesis and analysis ; and the contrary directions being those 
which are directly opposite, or, in some eases, those which are 
at right angles, (v. 1.) 

LXXIII. (Doubtful.) 
Coeocistent polarities are fundammtdUy identical, (v. 2.) 

LXXIV. 

The Idea of Chemical Affinity, as implied in Elementary 
Composition, involves peculiar conceptions. It is not properly 
expressed by assuming the qualities of bodies to resemble 
those of the dements, or to depend on the figure of the ele- 
ments, or on their attractions, (vi. 1.) 
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OONCEENINa IDEAS. 1 9 

LXXY.. 

Attractions take place between bodies. Affinities between 
the particles of a body. The former may be compared to the 
alliances ofstoites, the latter to the ties of family, (vi. 2.) 

LXXVI. 

The governing princ^^des of Chemical Affinity are, that it 
is electiye; that it is definite; that it determines the pro- ^ 
perties of the compound; and that analysis is possible. 
(VI. 2.) 

LXXVII. 

We ha/ve a/n idea of Substance : and an cueiom involved i 
in this Idea is^ that the weight of a body is the sum of the 
weights of all its elements, (vi. 3.) 

LXXVIII. 

Hence Imponderable Fluids are not to be admitted as 
chemical elements, (yi. 4.) 

LXXIX. 

The Doctrine of Atoms is admissible as a m>ode of express^ ^ 
ing and calculating laws of nature; but is not proved by any 
factf chemical orphysicdlf as a philosophical trutJi. (vi. 5.) 

LXXX. 

We have an Idea of Symmetry ; and an axiom involved | 
in this Idea is, that in a symmetrical natural body, if there 
be a tendency to m^odijy any msmber in any m>anner, there is \ 
a tendency to m/odify aU the corresponding members in the ^ 
same mxinner. (yii. 1.) 

LXXXI. 

AU hypotheses respecting the mxmner in which the elements 
of inorganic bodies are arranged in space, must be con- 
structed with regard to the general facts of crystallization^ 
(vii. 3.) 

2—2 
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20 APHORISMS 

Lxxxn. 

When we eomtder amy object as One, we give unity to it 
by an act of thought. The condition which detcrminea what 
this unity shaU fnclude, and what it shall exclude, is this : 
— that assertions concerning the one thing shall he possible. 
(vin. 1.) 

LXXXIII. 

We eoUect individuals into Kinds by applying to them 

the Idea of Likeness. Kinds of things are not determined 

by definitions, but by this condition !~^ihat general cusertions 

concerning such kinds of things shall be possible, (vni. 1.) 

LXXXIY. 

The Names of kinds of things are governed by their use ; 
and that may be a right name in one use which is not so in 
another, A whale is not a fish in natural history, but it is 
a fisb in commerce a/nd law, (yni 1.) 

LXXXY. 

We take for granted that each kind of things has a special 
character which may be expressed by a Definition. The 
ground of our assumption is this; — that reasoning mu9t be 
possible, (vin. 1.) 

LXXXYL 

The *^Five Words," Oenus, Species, Difference, Pro- 
perty, Accident, were used by the Aristotelians, in order to 
express the subordination of Kinds, and to describe the nature 
of Definitions and Propositions, In m4>dem times, these 
technical escpressions have been mxyre referred to by Natural 
Historians than by Metaphysicians, (vni. 1.) 

LXXXVII. 

The construction of a Classificatory Science includes 
Terminology, the formation of a descriptive language ; — 
Diataxis, the Plan of the System of Classification, called 
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CONCERNING IDEAS. 21 

also the SyBtematick ; — ^DiagnoBiSy the Scheme of the Cha- 
racters by which the different Classes are knounif caMed also 
the Characteristick. Physiography is the knowledge which 
the System is employed to convey, DiaUjuxis includes Nomen- 
clature, (vm. 2.) 

LXXXVIIL 

Terminology must he conventional^ precise^ constant; 
copious in words^ and minute in distinctionSf according to / 



the needs of the science. The student must understand the 
terms, directly <xceording to the conventionf not through the 
medium of expLanaJlMn or comparison, (yul 2.) 

LXXXIX. 

The Diatazis, or Plan of the System, may aim at a 
Natural or at an Artificial System, But no classes can he 
absolutely artificial, for if they were^ no assertions could he 
made concerning them. (ym. 2.) 

XC. 

An Artificial System is one in which the smaller groups 
(the Genera) are natural ; and in which the wider divisions 
(Classesy Orders) are constructed by ihe peremptory appli- 
cation of selected Characters: (selected, however, so as not to 
break up ihe smaller groups.) (vm. 2.) 

XCL 

A Natural System is one which attempts to make all ths 
divisions natural, the widest as weU as the narrowest; and 
therefore applies no characters peremptorily, (vm. 2.) 

XCII. 

Natural Chroups are best described, not by any Definition 
which marks their boundaries, but by a Type which marks 
their center. The Type of any natural group is an example 
which possesses in a marked degree <Ul t^ leading characters 
of ihe class, (vm. 2.) 



V 



Digitized 



by Google 



"\ \^^- 



} ^ 



22 APHORISMS 

XCIII. 

A Natwral Qrcmp is steadily fixed, though not precisely 
limited; it is given in poHtion, though not circumscribed ; it 
is determinedi not by a boundary tuithoutf but by a central 
point within; — not by what it strictly excludes, but by what 
it eminently includes: — by a Type, not by a Definition. 
(vra. 2.) 

XCIY, 

The prevalence of Mathematics as an element of edu^a* 
tion has made us think Definition the philosophical mode 
of fiasing the meaning of a word: if (Scientific) Natural 
History were introduced into education, men might become 
familiar with the fixation of the signifi^cation of words by 
Types ; and this process agrees more nearly with the com- 
mon processes by which words acquire their significations. 
(vin. 2.) 

XCY. 

The attempts at Natural Classification are of three sorts; 
according as they are made by the process of blind trial, of 
general comparison, or of subordination of characters. 
The process of Blind Trial professes to make its classes by 
attention to all the characters, but without proceeding metho- 
dically. The process of General Comparison professes to 
enumerate all the characters, and forms its classes by the 
majority. Neither of these methods can really be carried 
into effect. The method of Subordination of Characters 
considers some characters as more important than others; 
amd this method gives more consistent results than the others. 
This method, however, does not depend upon the Idea of 
Likeness only, but introduces the Idea of Organization or 
Function, (vm. 2.) 

XCVI. 

A Species is a collection of individuals which are de* 
scended from a common stock, or which resemble such a 
collection as mt*ch as these resemble each other: the resem^ 
blance being opposed to a definite difference, (vin. 2.) 
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CONCERNING IDEAS. 23 

XCVIL 

A Genus is a eoUection oftpeeies which resemble each 
other more tha/n they resemble other species : the resemblance 
being opposed to a definite diferenee. (ym. 2.) 

XCVIII. 

The Nomenclature of a Classificatory Science is the col- 
lection of the names of the Species^ Genera^ and other divi' 
sions. The binary nomenclaturcy which denotes a species by 
the generic and specific name^ is now commonly adopted in 
Natural History, (yra. 2.) 

XCIX. 

The Diagnosis, or Scheme of the Characters, comes, in 
the order of philosophy, after the Classification. The cha- 
racters do not make the classes, they only enable us to recog- 
nize them,. The Diagnosis is an Artificial Key to a Natural 
System, (vni. 2.) 

C. 

Hie basts of all Natural Systems of Classification is the . 
Idea of Natural Affinity, The Principle which this Idea 
involves is this : — Natural arrangements, obtained from 
different sets of characters, must coincide with each other. 
(vm. 4.) 

CI. 

In order to obtain a Science of Biology, we must analyse 
the Idea of Life. It has been proved by the biological specu- 
lations of past time, that Organic Life cannot rightly be 
solved into Mechanical or Chemical Forces, or the operation 
of a Vital Fluid, or of a Soul, (ix. 2.) 

OIL 

Life is a System of Vital Forces ; and the conception of 
such Forces involves a peculiar Fundamental Idea, (ix. 3.) 
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24 APHORISMS 

CIIL 

Meehanioalf ehemiecUf and vkal Forces farm an ateending 
progresnan, each including the preceding, Cfhemicdl ApmJty 
includes m its nature Mechanieal Fcrce^ and may often he 
practical^ resolved into Mechanical Force, (^Thus the ingrc 
dients of gunpowder^ liberated from their chemical union^ 
exert great meclumical Force: a galvanic batten/ acting by 
chemical process does the like.) Vital Forces include in 
tJieir nature both chemical Affinities and mechanical Forces : 
for Vital Powers produce both chemical changes, (as diges- 
tion,) and motions which imply considerable mechanical 
force, (as the motion of the sap and of the bhodJ) (ix. 4.) 

CIY. 

In Toluntary motions, Sensations produce Actions, and 
^ the connexion is made by means of Ideas: in reflected 
motums, the connexion neither seems to be nor is made by 
means of Ideas: in iostinctiye motions, tfie connexion is 
such as requires Ideas, but we cannot believe the Ideas to 
exist, (ix. 5.) 
^ CY. 

The Assumption of a Final Cause in the structure of each 

part of animals and plants is as inevitable as the assumption 

^ of an Efficient Cause for every event. The maxim that in 

organized bodies nothing is in yain, is as necessarily true as 

the maxim that nothing happens by chance, (ix. 6.) 

CVI. 

The Idea of living beings as svhject to diseaBe includes a 
recognition of a Final Cause in organization ; for disease is 
a state in which the vital forces do not attain their proper 
ends. (ix. 7.) 

CVII. 

) The Paketiological Sciences depend upon the Idea of 
Cause s but the leading conception which they involve is that 
of historical cause, not mecJianieal cause, (x. 1.) 
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CONCBENING IDEAS. 25 

cvnL 

Eiieh PalcBtiologteal Seieneef when eompletCf must possess 
ihre$ memhen: the Phenomenology, the J^tiologj, and the 
Theory, (x. 2.) 

CIX. 

There are, in the Palastiologicdl Seienees, two antagonist \ 
doctrines: Catastrophes and Uniformity. The doctrine 
of a miiform course of nature is tenable ofdy when we 
extend the notion of Uniformity so far that it shall in- \ 
elude Catastrophes, (x. 3.) 

ex. 

The Catastrophist constructs Theories, the Uniformitarian 
demolishes them. The former adduces evidence of an Origin, 
the latter explains the evidence away. The Catastrophist* s v 
dogmatism is undermined by the Uniformitarian* s skeptical 
hypotheses. But when these hypotheses are asserted dogma- 
ticaUyj they cease to be consistent tuith the doctrine of Uni- 
formity, (x. 3.) 

CXI. 

In each of the PdUeiiological Sciences, we can ascend to 
remote periods by a chain of causes, but in none can we 
ascend to a beginning of the chain, (x. 3.) 

CXII. 

Since the PdUetiological sciences deal with the conceptions ^ 
of historical cause. History, including Tradition, is an im- 
portant source of materials for su>ch sciences, (z. 4.) 

CXIII. 

The history and tradition which present to us the prom- 
dential course of the world form a Sacred Narrative ; and 
in reconeiling the Sacred Narrative with the results of sci- 
ence, arise inevitable dijffumlties which disturb the minds of 
those who reverence the Sacred Narrative, (z. 4.) 
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26 APHORISMS CONCERNING IDEAS. 

cxiy. 

jT^ diaturhanee of reverent minds, arising from scientific 
views, ceases when such views become familiar, the Sacred 
Narrative being then interpreted anew in accordance with 
sitch views, (x. 4.) 

CXY. 

A new interpretation of the Sacred Narrative, made for 
the purpose of reconciling it with doctrines of science, should 
not be insisted on tiU such doctrines are clearly proved ; and 
when they are so proved, should befranUy accepted, in the 
confiden^ie that a reoerencefor the Sacred Narrative is con^ 
sistent with a reverence for the Truth, (x. 4.) 

CXVI. 

In contemplating the series of causes and effects which 
constitutes the world, we necessarily assume a First Cause 
of the whole series, (x. 6.) 

CXVIL 

The Palcetiohgical Sciences point backwards with lines ^^ 
which are broken, but which all converge to the same invisible 
point: and this point is the Origin of the Moral and 
Spiritual, (zs well as of the Natural World, (x. 5.) 
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NOVUM ORGANON KENOVATUM. 



BOOK II. 

OF THE CONSTKUCnON OF SCIENCE. 



CHAPTER I. 

Op two principal Processes by which Science 
IS constructed. 



Aphorism I. 

THE two processes hy which Science is constructed are 
the Explication of Conceptions^ and the Colligation of 
Facts. 

TO the subject of the present and next Book all that 
has preceded is subordinate and preparatory. In 
former works we have treated of the BUistory of Scientific 
Discoveries and of the History of Scientific Ideas. We 
have now to attempt to describe the manner in which 
discoveries are made, and in which Ideas give rise to 
knowledge. It has already been stated that Knowledge 
requires us to possess both Facts and Ideas; — that 
every step in our knowledge consists in applying the 
)( Ideas and Conceptions furnished by our minds to the 
Facts wEch observation and experiment oflfer to us. 
When our Conceptions are clear and distinct, when our 
Facts are certain and sufficiently numerous, and when 
the Conceptions, being suited to the nature of the 
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28 CONSTRUCTION OF SCIENCE. 

Facts, are applied to them so as to produce an exact 
and uniyersal accordance, we attain knowledge of a 
precise and comprehensive kind, which we may term 
Science, And we apply this term to our knowledge 
still more decidedly when, Facts being thus included 
in exact and general Propositions, such Propositions 
are, in the same manner, included with equal rigour 
in Propositions of a higher degree of Greneralityj and 
these again in others of a still wider nature, so as to 
form a large and systematic whol& 

But after thus stating, in a general way, the nature 
of science, and the elements of which it consists, we 
have been examining with a more close and extensive 
scrutiny, some of those elements; and we must now 
return to our main subject, and apply to it the results 
of our long investigation. We have been exploring 
the realm of Ideas; we have been passing in review 
the difficulties in which the workings of our own minds 
involve us when we would make our conceptions con- 
sistent with themselves : and we have endeavoured to 
get a sight of the true solutions of these difficulties. 
We have now to inquire how the results of these long 
and laborious effi>rts of thought find their due place in 
the formation of our Knowledge. What do we gain 
by these attempts to make our notions distinct and 
consistent; and in what manner is the gain of which 
we thus become possessed, carried to the general trea- 
sure-house of our permanent and indestructible know- 
ledge? After all this battling in the world of ideas, 
all this struggling with the shadowy and changing 
forms of intellectual perplexity, how do we secure to 
ourselves the fruits of our warfare, and assure ourselves 
that we have really pushed forwards the frontier of 
the empire of Science? It is by such an appropria- 
tion^ that the task which we have had in our hands 
during the two previous works, (the History of the 
In4itctiv$ Sciences and the Histart/ of Scientific Ideas,) 
must acquire its real value and true place in our design. 

In order to do this, we must reconsider, in a more 
definite and precise shape, the doctrine which has 
already been laid down; — ^that our Knowledge consists 
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in applying Ideas to Facts; and that the conditions of 
real knowledge are that the ideas be distinct and ap- 
propriate, and exactly applied to clear and certain 
&cts. G^ie steps by which our knowledge is advanced 
are those by which one or the other of these two pro- 
cesses is rendered more complete; — ^by which Concept ^ 
tians are Tnade more dea/r in themselves, or by which 
the Conceptions more strictly hmd together the Facta. ^ 
These two processes may be considered as together con- 
stituting the whole formation of our knowledge; and ^ 
the principles which have been established in the His- 
tory of Scientific Ideas bear principally upoh the former 
of these two operations ; — ^upon the business of elevating 
our conceptions to the highest possible point of pre- 
cision and generality. But l^ese two portions of the 
progress of knowledge are so clearly connected with 
each other, that we shall deal with them in immediate 
succession. And having now to consider these opera- 
tions in a more exact and formal manner than it was 
before possible to do, we shall designate them by cer- 
tain constant and technical phrases. We shall speak 
of the two processes by which we arrive at science, as 
the Explication 0/ Conceptions and the Colligation of 
Facts: we shall show how the discussions in which we 
have been engaged have been necessary in order to 
promote the former of these offices; and we shall 
endeavour to point out modes, maxims, and principles 
by which the second of the two tasks may also be fur- 
thered. 
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CHAPTER 11. 
Op the Explication op Conceptions. 



Aphorism IL 

The Explication of Conceptions^ as requieitefor the pro^ 
gress of eiAenhe^ has been effected by means of discussions and 
controversies among scientists; often hy debates concerning 
definitions s these controversies have fregybently led to the 
establishment of a Definition; but along with the Definition, 
a corresponding Proposition has always been expressed or 
implied. The essential requisite for the advance of science 
is the clearness of the Conception, not the establishment of a 
Definition. The construction of an exact Definition is often 
very difficult. The requisite conditions of clear Conceptions 
may often be expressed by Axioms as well as by Definitions. 

Aphobism IIL 

Conceptions, for purposes of science, must be appropriate 
f as well as clear : that is, they must be modifications of that 
\ Fundamental Idea, by which the phenomena can realty be in- 
terpreted. This maadm m^y warn us from errour, though 
it may not lead to discovery. Discovery depends upon the 
previous cultivation or natural clearness of the appropriate 
Idea, and therefore no discoyery is the work of accident. 

Sect. L — Historvcal Progress of the Explicatum of 
Conceptions. 

I. "XTSTE have given the appellation of Ideas to cer- 
▼ f tain comprehensive forms of thought, — as 
space, Tvwmber, cause, composition, resembkmce, — ^which 
we apply to the phenomena which we contemplate. 
But the special modifications of these ideas which are 
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exemplified in particular &cts, we have termed Con- 
ceptions; as a circle^ a aqua/re v/wmber, an accelerating 
fiyrcej a nefuiral combination of elements, a genue. 
Such Conceptions involve in themselves certain neces- 
sary and imiversal relations derived from the Ideas, 
just enumerated; and these relations are an indispen- 
sable portion of iiie texture of our knowledge. But to 
determine the contents and limits of this 'portion of 
our knowledge, requires an examination of the Ideas 
and Conceptions from which it proceeds. The Con- 
ceptions must be, as it were, carefuUj unfolded^ so as 
to bring into clear view the elements of truth with 
which they are marked from their ideal origin. This 
is one of the processes by which our knowledge is ex- 
tended and made more exact; and this I shall describe 
as the EocfplicaJtion of Conceptions. 

In the several Books of the History of Ideas we 
have discussed a great many of the Fundamental Ideas 
of the most important existing sciences. We have, in 
those Books, abundant exemplifications of the process 
now imder our consideration. We shall here add a 
few general remarks, suggested by the survey which 
we have thus made. 

2. Such discussions as those in which we have been 
engaged concerning our frmdamental Ideas, have been 
the course by which, historically speaking, those Con- 
ceptions which the existing sciences involve have been 
rendered so clear as to be fit eleiaents of exact know- 
ledge. Thus, the disputes concerning the various kinds 
and measures of Force were an important part of the 
progress of the science of Mechanics. The struggles by 
which philosophers attained a right general conception 
of plane, of cvrciUa>r, of elliptical Folcmzation, were 
some of the most difficidt steps in the modem discove- 
ries of Optics. A Conception of the Atomic Conatitu-^ 
tion of bodies, such as shall include what we know, 
and assume nothing more, is even now a matter of 
conflict among Chemists. The debates by which, in 
recent times, the Conceptions of Species and Genera 
have been rendered more exact, have improved the 
science of Botany : the imperfection of the science of 
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32 CONSTRUCTION OF SCIENCE. 

Mineralogy arises in a great measure from the circtun- 
stance, that in that subject, the Conception of a Species 
is not yet fixed. In Physiology, what a vast advance 
would that philosopher make, who should establish a 
precise, tenable, and consistent Conception of Life/ 

Thus discussions and speculaticms concerning the 
import of very abstract and general terms and notions, 
may be, and in reality have been, &r from useless and 
barren. Such discussions arose from the desire of men 
to impress their opinions on others, but they had the 
effect of making the opinions nmch more cl^ar and dis- 
tinct. In trying to make others understand them, they 
learnt to understand themselves. Their speculations 
were begun in twilight, and ended in the fiiU brilliance 
of day. It was not easily and at once, without expen- 
diture of labour or time, that men arrived at tiiose 
notions which now form the elements of our know- 
ledge; on the contrary, we have, in the history of 
science, seen how hard, discoverers, and the forerunners 
of discoverers, have had to struggle with the indistinct- 
ness and obscurity of the intellect, before they could 
advance to Vie critical point at which truth became 
clearly visible. And so long as, in this advance, some 
specidators were more forward than others, there was 
a natural and inevitable ground of difference of opi- 
nion^ of argumentation, of wrangling. But the ten- 
dency of all such controversy is to di£toe truth and to 
dispel errour. Truth is consistent, and can bear the 
tug of war; Errour is incoherent, and faWa to pieces 
in the struggle. True Conceptions can endure the 
sun, and become clearer as a frdler light is obtained ; 
confused and inconsistent notions vanish like visionary 
spectres at the break of a brighter day. And thus 
all the controversies concerning such Conceptions as 
science involves, have ever end^ in the establishment 
of the side on which the truth was found. 

3. Indeed, so complete has been the victory of 
truth in most of these instances, that at present we 
can hardly imagine the struggle to have been neces- 
sary. The very essence of these triumphs is that they 
lead us to regard the views we reject as not only ^edse, 
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but inconceivable. And hence we are led rather to 
look back upon the vanquished with contempt than 
upon the victors with gratituda We now despise those 
who, in the Copemican controversy, could not conceive 
the apparent motion of the sun on the heliocentric 
hypothesis ;— or those who, in opposition to Galileo, 
thought that a uniform force might be that which 
generated a velocity proportional to the space; — or 
those who held there was something absurd in New- 
ton's doctrine of the different refrangibility of differ- 
ently coloured rays;- — or those who imagined that 
when elements combine, their sensible qualities must 
be manifest in the compound; — or those who were 
reluctant to give up the distinction of vegetables into 
herbs, shrubs, and trees. We cannot help thinking that 
men must have been singularly didl of comprehension, 
to £nd a difficulty in admitting what is to us so plain 
and simple. We have a latent persuasion that we in 
their place should have been wiser and more clear- 
sighted; — ^that we should have taken the right side, 
and given our assent at once to the truth. 

4. Yet in reality, such a persuasion is a mere delu- 
sion. The persons who, in such instances as the above, 
were on the losing side, were very far, in most cases, 
firom being persons more prejudiced, or stupid, or nar- 
row-minded, than the greater part of mankind now 
are; and the cause for which they fought was far 
from being a manifestly bad one, till it had been so 
decided by the result of the war. It is the peculiar 
character of scientific contests, that what is only an 
epigram with regard to other warfare is a truth in 
this; — They who are defeated are really in the wrong. 
But they may, nevertheless, be men of great subtilty, 
sagacity, and genius; and we nourish a very foolish 
self-complacency when we suppose that we are their 
superiors. That this is so, is proved by recollecting 
that many of those who have made very great disco- 
veries have laboured imder the imperfection of thought 
which was the obstacle to the next step in knowledge. 
Though Kepler detected with great acuteness the 
Numerical Laws of the solar system, he laboured in 

NOV. OBG. 3 
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34 CONSTRUCTION OF SCIENCE. 

vain to conceive the very simplest of the Laws of 
Motion by which the paths of the planets are governed. 
Though Priestley made some important steps in chemis- 
try, he could not bring his mind to admit the doctrine 
of a general Principle of Oxidation. How many in- 
genious men in the last century rejected the New- 
tonian Attraction as an impossible chimera! How 
many more, equally intelligent, have, in the same man- 
ner, in our own time, rejected, I do not now mean as 
false, but as inconceivable, the doctrine of Luminifer 
rous Undulations ! To err in this way is the lot, not 
only of men in general, but of men of great endow- 
ments, and very sincere love of trutL 

5. And those who liberate themselves from such 
perplexities, and who thus go on in advance of their 
age in such matters, owe their superiority in no small 
* degree to such discussions and controversies as those 
to which we now refer. In such controversies, the 
Conceptions in question are turned in all directions, 
examined on all sides; the strength and the weakness 
of the maxims which men apply to them are fully test- 
ed ; the light of the brightest minds is diffused to other 
minds. Inconsistency is tmfolded into self-contradic- 
tion j axioms are built up into a system of necessary 
truths; and ready exemplifications are accumulated of 
that which is to be proved or disproved, concerning 
the ideas which are the basis of the controversy. 

The History of Mechanics fit)m the time of Kepler 
to that of Lagrange, is perhaps the best exemplifica- 
tion of the mode in which the progress of a science 
depends upon such disputes and speculations as give 
clearness and generality to its elementary conceptions. 
This, it is to be recollected, is the kind of progress of 
which we are now speaking; and this is the principal 
feature in the portion of scientific history which we 
have mentioned. For almost all that was to be done 
by reference to observation, was executed by Galileo 
and his disciples. What remained was the task of 
generalization and simplification. And this was pro- 
moted in no small degree by the various controversies 
which took place within that period concerning me- 
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chanical conceptions: — ^as, for example, the question 
concerning the measure of the Force of Percussion; — 
the war of the Vis Viva; — ^the controversy of the Cen- 
ter of Oscillation; — of the independence of Statics and 
Dynamics; — of the pnnc^le of Least Action; — of the 
evidence of the Laws of Motion; — and of the number 
of Laws really distinct. None of these discussions was 
without its influence in giving generality and clearness 
to the mechanical ideas of mathematicians: and there- 
fore, though remote from general apprehension, and 
dealing with very abstract notions, they were of emi- 
nent use in the perfecting the scieifce of Mechanics. 
Similar controversies concerning fundamental notions, 
those, for example, which Galileo himself had to main- 
tain, were no less useful in the formation of the science 
of Hydrostatics. And the like struggles and conflicts, 
whether they take the form of controversies between 
several persons, or only operate in the efforts and fluc- 
tuations of the discoverer's mind, are always requisite, 
before the conceptions acquire that clearness which 
makes them fit to appear in the enunciation of scien- 
tific trutL This, then, was one object of the History 
of Ideas; — ^to bring under the reader's notice the main 
elements of the controversies which have thus had so 
important a share in the formation of the existing 
body of science, and the decisions on the controverted 
points to which the mature examination of the subject 
has led; and thus to give an abundant exhibition of 
that step which we term the Explication of Conceptions. 

Sect. IL — Use of Definitions, 

6. The result of such controversies as we have 
been speaking of, often appears to be summed up in a 
Defi/nition; and the controversy itself has often as- 
sumed the form of a battle of definitions. For ex- 
ample, the inquiry concerning the Laws of Falling 
Bodies led to the question whether the proper Defi- 
nition of a wrdform force is, that it generates a velocity 
proportional to the space from rest, or to the tiTne. 
The controversy of the Vis Viva was, what was the 
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proper Definition of the meoMore qf/orce, A principal 
question in the classification of minerals is, what is 
the Definition of a mineral species. Physiologists have 
endeavoured to throw light on their subject, by De- 
fining orgcmization, or some similar term. 

7. It is very important for us to observe, that 
these controversies have never been questions of insu- 
lated and a/rbitrary Definitions, as men seem often 
tempted to suppose them to have been. In all cases 
there is a tacit assumption of some Proposition which 
is to be expressed by means of the Definition, and 
which gives it its" importance. The dispute concerning 
the Definition thus acquires a real value, and becomes 
a question concerning true and false. Thus in the dis- 
cussion of the question. What is a Uniform Force? it 
was taken for granted that ^gravity is a uniform 
force :' — ^in the debate of the Vis Viva, it was assumed 
that * in the mutual action of bodies the whole effect 
of the force is unchanged :' — in the zoological definition 
of Species, (that it consists of individuals which have, 
or may have, sprung from the same parents,) it is pre- 
sumed that * individuals so related resemble each other 
more than those which are excluded by such a defi- 
nition;' or perhaps, that 'species so defined have per- 
manent and definite differences.' A definition of Or- 
ganization, or of any other term, which was not em- 
ployed to express some principle, would be of no value. 

The establishment, therefore, of a right Definition 
of a Term may be a useful step in the Explication of 
our Conceptions; but this will be the case then only 
when we have under our consideration some Propo- 
sition in which the Term is employed. For then the 
question really is, how the Conception shall be under- 
stood and defined in order that the Proposition may be 
true. 

8. The establishment of a Proposition requires an 
attention to observed Facts, and can never be rightly 
derived from our Conceptions alone. "We must here- 
after consider the necessity which exists that the Facts 
should be rightly bound together, as well as that our 
Conceptions should be clearly employed, in order to 
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lead us to real knowledge. But we may observe here 
that, in such cases at least as we are now considering, 
the two processes are co-ordinate. To unfold our Con- 
ceptions by the means of Definitions, has never been 
serviceable to science, except when it has been asso- 
ciated with an immediate iLse of the Definitions. The 
endeavour to define a Uniform Force was combined 
with the assertion that * gravity is a uniform force :' 
the attempt to define Accelerating Force was imme- 
diately followed by the doctrine that * accelerating 
forces may be compounded:' the process of defining 
Momentum was connected with the principle that 
' momenta gained and lost are equal :' naturalists would 
have given in vain the Definition of Species which we 
have quoted, if they had not also given the * characters' 
of species so separated. Definition and Proposition 
are the two handles of the instrument by which we 
apprehend truth; the former is of no use without the 
latter. Definition may be the best mode of explaining 
our Conception, but that which alone makes it worth 
while to explain it in any mode, is the opportunity of 
using it in the expression of Truth. When a Defi- 
nition is propounded to us as a useful step in know- 
ledge, we are always entitled to ask what Principle it 
serves to enimciate. If there be no answer to this in- 
quiry, we define and give clearness to our conceptions 
in vain. While we labour at such a task, we do but 
light up a vacant room; — ^we sharpen a knife with 
which we have nothing to cut; — we take exact aim, 
while we load our artillery with blank cartridge; — 
we apply strict rules of grammar to sentences which 
have«no meaning. 

I^ on the other hand, we have under our considera^ 
tion a proposition probably established, every step 
which we can make in giving distinctness and exact- 
ness to the Terms which this proposition involves, is 
an important step towards scientific truth. In such 
cases, any improvement in our Definition is a real 
advance in the explication of our Conception. The 
clearness of our Expressions casts a light upon the 
Ideas which we contemplate and convey to others. 
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9. But though D^mition may be subservient to a 
right explication of our conceptions, it is not essentiaZ 
to that process. It is absolutely necessary to every 
advance in our knowledge, that those by whom such 
advances are made should possess clearly the concep- 
tions which they employ : but it is by no means neces- 
sary that they should unfold these conceptions in the 
words of a formal Definition. It is easily seen, by 
examining the course of Galileo's discoveries, that he 
had a distinct conception of the Moving Force which 
urges bodies downwwxis upon an inclined plane, while 
he still hesitated whether to call it Momentwm, En/ergy^ 
Impetus, or Force, and did not venture to offer a Defi- 
nition of the thing which was the subject of his 
^ ^ ,. thoughts. The Conception of Polarization was clear 
^^ \ in the minds of many optical speculators, from the 

,\ :^ >* *''- . time of Huyghens and Newton to -that of Young and 
\ Fresnel. This Conception we have defined to be * Op- 

posite properties depending upon opposite positions;' 
but this notion was, by the discoverers, though con- 
stantly assumed and expressed by means of superfluous 
hypotheses, never clothed in definite language. And 
in the mean time, it was the custom, among subordi- 
nate writers on the same subjects, to say, that the 
term Polarization had no definite meaning, and was 
merely an expression of our ignorance. The Definition 
which was offered, by Haiiy and others of a Mineralo* 
gical Species; — *The same elements combined in the 
same proportions, with the same fundamental form ;' — 
was &ilse, inasmuch as it was incapable of being rigor- 
ously applied to any one case; but this defect did not 
prevent the philosophers who propounded such a Defi- 
nition from making many valuable additions to mine- 
ralogical knowledge, in the way of identifying some 
species and distinguishing others. The right Concep- 
tion which they possessed in their minds prevented 
their being misded by their own very erroneous Defi- 
nition. The want of any precise Definitions of Strata, 
and FoTTnations, and Epochs, among geologists, has 
not prevented the discussions which they have carried 
on upon such subjects from being highly serviceable 
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in the promotion of geological knowledge. For how- 
ever much the apparent vagueness of these terms 
might leave their arguments open to cavil, there was a 
general understanding prevalent among the most in- 
telligent cultivators of the science, as to what was 
meant in such expressions; and this common under- 
standing sufficed to determine what evidence should 
be considered conclusive and what inconclusive, in 
these inquiries. And thus the distinctness of Con-"^ 
cation, which is a real requisite of scientific progress, 
existed in the minds of the inquirers, although Defi- 
nitions, which are a partial and accidental evidence . 
of this distinctness, had not yet been hit upon. The '^! V- ' 
Idea had been developed in men's minds, although a (^^^, 

clothing of words had not been contrived for it, nor, j 
perhaps, the necessity of such a vehicle felt : and thus 
that essential condition of the progress of knowledge, 
of which we are here speaking, existed; while it was 
left to the succeeding speculators to put this unwritten 
Rule in the form of a verbal Statute. 

lo. Men are often prone to consider it as a thought- 
less omission of an essential circumstance, and as a 
neglect which involves some blame, when knowledge 
thus assumes a form in which Definitions, or rather 
Conceptions, are implied but are not expressed. But in 
such a judgment, they assume that to be a matter of 
choice requiring attention only, which is in fact as 
difficult -and precarious as any other portion of the task 
of discovery. To define, so that our Definition shall 
have any scientific value, requires no small portion of 
that sagacity by which truth is detected. As we have 
already said. Definitions and Propositions are co-ordi- 
nate in their use and in their origin. In many cases, 
perhaps in most, the Proposition which contains a 
scientific truth, is apprehended with confidence, but 
with some vagueness and vacillation, before it is put in 
a positive, distinct, and definite form. It is thus known 
to be true, before it can be enunciated in terms each of 
which is rigorously defined. The business of Defini- 
tion is part of the business of discovery. When it has 
been clearly seen what ought to be our Definition, it 
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must be pretty well known what truth we have t6 
state. The Definition, as well as the discovery, sup- 
poses a decided step in our knowledge to have been 
made. The writers on Logic in the middle ages, made 
Definition the last stage in the progress of knowledge; 
and in this arrangement at least, the history of science, 
and the philosophy derived from the history, confirm 
their specidative views. K the Explication of our 
Conceptions ever assume the form of a Definition, this 
will come to pass, not as an arbitrary process, or as a 
matter of course, but as the mark of one of those happy 
efforts of sagacity to which all the successive advances 
of our knowledge are owing. 



Sect. III. — Use of Axioms, 

II. Our Conceptions, then, even when they become 
so clear as the progress of knowledge requires, are not 
adequatdy expressed, or necessarily expressed at all, by 
means of Definitions. We may ask, then, whether there 
is any other mode of expression in which we may look 
for the evidence and exposition of that peculiar exact- 
ness of thought which the formation of Science demands* 
And in answer to this inquiry, we may refer to the 
discussions respecting many of the Fimdamental Ideas 
of the sciences contained in our History of such Ideas. 
It has there been seen that these Ideas involve many 
elementary truths which enter into the texture of our 
knowledge, introducing into it connexions and relations 
of the most important kind, although these elementary 
truths cannot be deduced from any verbal definition of 
the idea. It has been seen that these elementary truths 
may often be enunciated by means of Axioms y stated in 
addition to, or in preference to, Definitions. For exam- 
ple, the Idea of Cause, which forms the basis of the 
science of Mechanics, makes its appearance in our elemen- 
tary mechanical reasonings, not as a Definition, but by 
means of the Axioms that ' Causes are measured by 
their effects^' and that ^ Reaction is equal and opposite 
to action.' Such axioms^ tacitly assumed or occa- 
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sionally stated, as maximB of acknowledged validitj, 
belong, to all the Ideas which form the foundations of 
the sciences, and are constantly employed in the reason- 
ing and speculations of those who think clearly on 
such subjects. It may often be a task of some diffi< / 
culty to detect and enunciate in words the Principles 
which are thus, perhaps silently and unconsciously, 
taken for granted by those who have a share in the 
establishment of scientific , truth : but inasmuch as 
these Principles are an essential element in our know- 
ledge, it is very important to our present purpose 
to separate them from the associated materials, and 
to trace them to their origin. This accordingly I 
attempted to do, with regard to a considerable num- 
ber of the most prominent of such Ideas, in the Mis- 
tori/. The reader will there find many of these Ideas 
resolved into Axioms and Principles by means of J 
which their effect upon the elementary reasonings of 
the various sciences may be expressed. That Work 
is intended to form, in some measure, a representation 
of the Ideal Side of our physical knowledge; — a Table 
of those contents of our Conceptions which are not 
received directly from facts; — ^an exhibition of Rules 
to which we know that truth must conform. 



Sect. IV. — ClecMr cmd appropriate Ideas, 

1 2. In order, however, that we may see the neces- 
sary cogency of these rules, we must possess, clearly and 
steadily, the Ideas from which the rules flow. In order 
to perceive the necessary relations of the Circles of the 
Sphere, we must possess clearly the Idea of Solid 
Space : — in order that we may see the demonstration of 
the composition of forces, we must have the Idea of 
Cause moulded into a distinct Conception of Statical 
Force. This is that Clea/mesa of Ideas which we stipu- 
late for in any one's mind, as the first essential con- 
dition of his making any new step in the discovery of 
truth. And we now see what answer we are able to 
give, if we are asked for a Criterion of this Clearness of 
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^ Idea. The Criterion is, that the person shall see the 
necessity of the Axioms belonging to each Idea ; — shall 
accept them in such a manner as to perceive the cogency 
of the reasonings founded upon them. Thus, a person 
has a clear Idea of Space who follows the reasonings of 
geometry and fully apprehends their conclusiveness. 
The Explication of Conceptions, which we are speaking 
of as an essential part of real knowledge, is the process 
l)y which we bring the Clearness of our Ideas to bear 
upon the Formation of our knowledge. And this is 
done, as we have now seen, not always, nor generally, 
nor principally, by laying down a Definition of the 
Conception ; but by acquiring such a possession of it 
in our minds as enables, indeed compels us, to admit, 
along with the Conception, all the Axioms and Prin- 
ciples which it necessarily implies, and by which it 

(^ produces its effect upon our reasonings. 

1 3. But in order that we may make any real advance 
in the discovery of truth, our Ideas must not only be 
clear, they must also be appropriate. Each science has 

1 for its basis a different class of Ideas; and the steps 
which constitute the progress of one science can never 
be made by employing the Ideas of another kind of 
science. No genuine advance could ever be obtained 
in Mechanics by applying to the subject the Ideas of 
Space and Time merely : — ^no advance in Chemistry, by 
the use of mere Mechanical Conceptions : — ^no discovery 
in Physiology, by referring facts to mere Chemical and 
, Mechanical Principles. Mechanics must involve the 

f Conception of Force; — Chemistry, the Conception of 
Elementary Composition; — Physiology, the Conception 
of Vital Powers, Each science must advance by means 

^ of its appropriate Conceptions. Each has its own field, 
which extends as &r as its principles can be applied. I 
have already noted the separation of several of these 
fields by the divisions of the Books of the-flTw^oryof Ideas. 
The Mechanical, the Secondary Mechanical, the Che- 
mical, the Classificatory, the Biological Sciences form so 
many great Provinces in the Kingdom of knowledge, 
each in a great measure possessing its own pectdiar 
fundamental principles. Every attempt to build up a 
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fiew sd^ace by the application of principles which be- 
long to an old one, will lead to firivolous and barren 
speculations. 

This trath has been exemplified in all the instances 
in which subtle speculative men have failed in their 
attempts to frame new sciences, and especially in the 
essays of the ancient schools of philosophy in Greece, 
as has already been stated in the History of Science. 
Aristotle and his followers endeavoured in vain to 
account for the mechanical relation of forces in the 
lever by applying the inappropria/te geometrical con- 
ceptions of the properties of the circle : — they specu- 
lated to no purpose about the elementary composition 
of bodies, because they assumed the inappropriate ;( 
QOi^ception of Zi^»n^5 between the elements and the 
compoundiuiistead of the genuine notion of elements 
merely determining the qualities of the compound. And 
in like manner, in modem times, we have seen, in the 
history of the fundamental ideas of the physiological 
sciences, how all the inappropriate mechanical and 
chemical and other ideas which were applied in succes- 
sion to the subject failed in bringing into view any 
genuine physiological trutL 

14. That the real cause of the fidlure in the in- 
stances above mentioned lay in the Conceptions^ is 
plain. It was not ignorance of the facts which in 
thesecasespreventedthediscovery of the truth. Aristotle 
was as well acquainted with the fact of the proportion 
of the weights which balance on a Lever as Archimedes 
was, although Archimedes alone gave the true me- 
chanical reason for the proportion. 

With regard to the doctrine of the Four Elements 
indeed, the inapplicability of the conception of compo- 
sition of qualities, required, perhaps, to be proved by 
some reference to facts. But this conception was 
devised at first, and accepted by succeeding times, in a 
blind and gratuitous manner, which could hardly have 
happened if men had been awake to the necessary 
condition of our knowledge; — ^that the conceptions 
which we introduce into our doctrines are not arbitrary 
or accidental notions, but certain peculiar modes of 
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. appreheusioii strictly determined by the subject of our 
speculations. 

15. It may, however, be said that this injunction 
that we are to employ appropricUe Conceptions only in 
the formation of our knowledge, cannot be of practical 
use, because we can only determine what Ideas are 
appropriate, by finding that they truly combine the 
facts. And this is to a certain extent true. Scientific 
discovery must ever depend upon some happy thought, 
of which we cannot trace the origin; — some fortunate 
cast of intellect, rising above all rules. No maxims 
can be given wldch inevitably lead to discovery. No 
precepts will elevate a man of ordinary endowments 
to the level of a man of genius : nor will an inquirer 
of truly inventive mind need to come to the teacher 
of inductive philosophy to learn how to exercise the 
fisusulties which nature has given him. Such persons 
as Kepler or Fresnel, or Brewster, will have their 
powers of discovering truth little augmented by any 
injunctions respecting Distinct and Appropriate Ideas ; 
and such men may very naturally question the utility 
of rules altogether. 

16. But yet the opinions which such persons may 
entertain, will not lead us to doubt concerning the 
value of the attempts to analyse and methodize the 
process of discovery. Who would attend to Kepler if 
he had maintained that the speculations of fVancis 
Bacon were worthless? Notwithstanding what has 
been said, we may venture to assert that the Maxim 
which points out the necessity of Ideas appropriate 
as well as clear, for the purpose of discovering truth, is 
not without its use. It may, at least, have a value as 
a caution or prohibition, and may thus turn us away 
from labours certain to be firuitless. We have already 
seen, in the History of Ideas, that this maxim, if duly 
attended to, would have at once condemned, as wrongly 
directed, the speculations of physiologists of the mathe- 
matical, mechanical, chemical^ and vital-fluid schools; 
since the Ideas which the teachers of these schools in- 
troduce, cannot suffice for the purposes of physiology, 
which seeks truths respecting the vital powers. Again, 
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it is clear from similar considerations that no definition 
of a mineralogical species by chemical characters alone 
can answer the end of science, since we seek to make 
mineralogy, not an analytical butaclassificatory science \ 
Even before the appropriate conception is matm*ed in 
men's minds so that they see clearly what it is, they 
may still have light enough to see what it is not. 

17. Another result of this view of the necessity 
of appropriate Ideas, combined with a survey of the 
history of science is, that though for the most part, as 
•we sludl see, the progress of science consists in accu- 
mulating and combining Facts rather than in debating 
concerning Definitions; there are still certain periods 
when the discussion of Definitions may be the most 
useful mode of cultivating some special branch of 
science. This discussion is of course always to be con- 
ducted by the light of facts; and, as has already been 
said, along with the settlement of every good Defi- 
nition will occur the corresponding establishment of 
some Proposition. But still at particular periods, the 
want of a Definition, or of the clear conceptions which 
Definition supposes, may be peculiarly felt. A good 
and tenable Definition of Species in Iklineralogy would 
at present be perhaps the most important step which 
the science could make. A just conception of the 
nature of Life^ (and if expressed by means of a Defini- 
tion, so much the better,) can hardly fail to give its 
possessor an immense advantage in the speculations 
which now come under the considerations of physio- 
logists. And controversies respecting Definitions, in 
these cases, and such as these, may be very fe,r from 
idle and unprofitable. 

Thus the knowledge that Clear and Appropriate 
Ideas are requisite for discovery, although it does not 
lead to any very precise precepts, or supersede the 
value of natural sagacity and inventiveness, may still 



1 Thia agrees with what M. Necker science, have substituted the analysis 

has well observed in his lUgm of substances for the classification of 

Mineral^ that those who have treat- individuals. See History of Ideas^ 

ed mineralogy as a merely chemical b. viiL chap. iii. 
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be of use to us in our pursuit after truth. It may 
show us what course of research is, in each stage of 
science, recommended by the general analogy of the 
history of knowledge; and it may both save us from 
hopeless and barren paths of speculation, and make us 
advance with more courage and confidence, to know 
that we are looking for discoveries in the manner in 
which they have always hitherto been made. 

Sect. Y. — Accidental Discoveries. 

18. Another consequence follows from the views 
presented in this Chapter, and it is the last I shall at 
I present mention. J^o scientific discovery can, with any 
justice, be considered diis to accident. In whatever 
manner facts may be presented to the notice of a disco- 
verer, they can never become the materials of exact 
knowledge, except they find his mind already provided 
with precise and suitable conceptions by which they may 
be analysed and connected. Indeed, as we have already 
seen, facts cannot be observed as Facts, except in virtue 
of the Conceptions which the observer* himself uncon- 
sciously supplies ; and they are not Facts of Observa- 
tion for any purpose of Discovery, except these familiar 
and imconscious acts of thought be themselves of a 
just and precise kind. But supposing the Facts to be 
adequately observed, they can never be combined into 
any new Truth, except by means of some new Concep- 
tions, clear and appropriate, such as I have endeavoured 
to characterize. When the observer's mind is pre- 
pared with such instruments, a very few facts, or it 
may be a single one, may bring the process of disco- 
very into action. But in such cases, this previous 
condition of the intellect, and not the single fact, is 
really the main and peculiar cause of the success. The 
fact is merely the occasion by which the engine of 
discovery is brought into play sooner or later. It is, 
as I have elsewhere said, only the spark which dis- 
charges a gun already loaded and pointed; and there 
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is little propriety in speaking of such an accident as 
the cause why the bullet hits the mark. If it were 
true that the fall of an apple was the occasion of New- 
ton's pursuing the train of thought which led to the 
doctrine of universal gravitation, the habits and con- 
stitution of Newton's intellect, and not the apple, were 
the real source of this great event in the progress of 
knowledge. The common love of the marvellous, and 
the vulgar desire to bring down the greatest achieve- 
ments of genius to our own level, may lead men to 
ascribe such results to any casual circumstances which 
accompany them; but no one who fairly considers the 
real nature of great discoveries, and the intellectual 
processes which they involve, can seriously hold the 
opinion of their being the efiect of accident. 

19. Such accidents never happen to common men. 
Thousands of men, even of the most inquiring and 
speculative men, had seen bodies fall ; but who, except 
Newton, ever followed the accident to such conse- 
quences? And in fact, how little of his train of 
thought was contained in, or even directly suggested 
by, the fall of the apple ! K the apple fall, said the 
discoverer, *why should not the moon, the planets, the 
satellites, fall?' But how much previous thought, — 
what a steady conception of the universality of the 
laws of motion gathered from other sources, — ^were 
requisite, that the inquirer should see any connexion 
in these cases ! Was it by accident that he saw in the 
apple an image of the moon, and of every body in the 
solar system? 

20. The same observations may be made with re- 
gard to the other cases which are sometimes adduced 
as examples of accidental discovery. It has been said, 
* By the accidental placing of a rhomb of calcareous 
spar upon a book or line Bartholinus discovered the 
property of the Double Refraction of light.' But Bar- 
tholinus could have seen no such consequence in the 
accident if he had not previously had a clear concep- 
tion of single refraction, A lady, in describing an 
optical experiment which had been shown her, said of 
her teacher, 'He told me to increase and diminish 
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the angle of refraction, and at last I found tliat he only 
meant me to moye my head up and down.' At any 
rate, till the lady had acquired the notions which the 
technical terms convey, she could not have made 
Bartholinus's discovery by means of his accident. 'By 
accidentally combining two rhombs in different posi- 
tions,' it is added, ^ Huyghens discovered the Polari- 
zation of Light.' Supposing that this experiment had 
been made without design, what Huyghens really 
observed was, that the images appeared and disap- 
peared alternately as he turned one of the rhombs 
round. But was it an easy or an obvious business to 
analyze this curious alternation into the circumstances 
of the rays of light having sides, as Newton expressed 
it, and into the additional hypotheses which are im- 
plied in the term ' polarization '1 Those will be able 
to answer this question, who have found how far from 
easy it is to understand clearly what is meant by 
'polarization' in this case, now that the property is 
fully established. Huyghens's success depended on his 
clearness of thought, for this enabled him to perform 
the intellectual analysis, which never would have occur- 
red to most men, however often they had 'accidentally 
combined two rhombs in different positions.' ' By acci- 
dentally looking through a prism of the same sub- 
stance, and turning it round, Malus discovered the 
polarization of light by reflection.' Malus saw that, 
in some positions of the prism, the light reflected 
from the windows of the Louvre thus seen through 
the prism, became dim. A common man would have 
supposed this dimness the result of accident; but 
Malus's mind was differently constituted and disci- 
plined. He considered the position of the window, 
and of the prism ; repeated the experiment over and 
over; and in virtue of the eminently distinct concep- 
tions of space which he possessed, resolved the pheno- 
mena into its geometrical conditions. A believer in 
accident would not have sought them; a person of 
less clear ideas would not have found them. A person 
must have a strange confidence in the virtue of chance, 
and the worthlessness of intellect, who can say that 
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'in all these fundamental discoveries appropriate ideas 
had no share,' and that the discoveries ' might have 
been made by the most ordinary observers.' 

21. I have now, I trust, diown in various ways, 
how the Explication of ConceptumSj including in this, 
term their clear development from Fundamental Ideas 
in the discoverer's mind, as well as their precise ex- 
pression in the form of Definitions or Axioms, when 
that can be done, is an essential part in the establish- 
ment of all exact and general physical truths. In doing 
this, I have endeavoured to explain in what sense the 
possession of clear and appropriate ideas is a main 
requisite for every step in scientific discovery. That it 
is far from being the only step, I shall soon have to 
show; and if any obscurity remain on the subject 
treated of in the present chapter, it will, I hope, be 
removed when we have examined the other elements 
which enter into the constitution of our knowledge. 
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CHAPTER III. 
Op Facts as the Materials op Scibnoe. 



Aphorism IV. 



Facts are the materials of science, hut all Facts involve 
Ideas, Since, in observing Facts, we cannot exclude Ideas, 
we must, for the purposes of science, take care that the Ideas 
are clear and rigorously applied* 

Aphorism Y. 

The last Aphorism leads to such Rules as the following: — 
That Facts, for the purposes of material science, must involve 
Conceptions of the Intellect only, and not Emotions: — Tfiat 
Facts must he observed vnth reference to our most exact con- 
ceptions. Number, Place, Figure, Motion: — That they must 
also be observed with reference to any other exact conceptions 
which the phenomena suggest, as Force, in mechanical pheno'- 
mena, Concord, in musical. 

Aphorism YI. 

The resolution of complex Facts into precise and measured 
partial Facts, we call the Decomposition of Facts. This 
process is requisite for the progress of scimce, hut does not 
necessarily lead to progress, 

I. WrE have now to examine how Science is built 
V V up by the combination of Facts. In doing this, 
^ we suppose that we have already attained a supply of 
definite and certain Facts, free from obscurity and doubt. 
We must, therefore, first consider under what condi- 
tions Facts can assume this character. 

When we inquire what Facts are to be made the 
materials of Science, perhaps the answer which we 
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should most commonly receive would be, that they 
must be True Facts, as distinguished from any mere 
inferences or opinions of our own. We should pro- 
bably be told that we must be careful in such a case to 
consider as Facts, only what we really observe ; — that 
we must assert only what we see; and believe nothing 
except upon the testimony of our senses. 

But such maxims are far from being easy to apply, 
as a little examination will convince us. 

2. It has been explained, in preceding works, 
that all perception of external objects and occur- 
rences involves an active as well as a passive process 
of the mind; — ^includes not only Sensations, but also 
Ideas by which Sensations are bound together, and 
have a unity given to them. From this it follows, that 
there is a difficulty in separating in our perceptions 
what we receive from without, and what we ourselves 
contribute from within; — ^what we perceive, and what 
we infer. In many cases, this difficulty is obvious to 
all : as, for example, when we witness the performances 
of a juggler or a ventriloquist. In these instances, we 
imagine ourselves to see and to hear what certainly we 
do not see and hear. The performer takes advantage 
of the habits by ^hich our minds supply interruptions 
and infer connexions; and by giving us fallacious indi- 
cations, he leads us to perceive as an actual &ct, what 
does not happen at alL In these cases, it is evident 
that we ourselves assist in making the &ct; for we 
make one which does not really exist. In other cases, 
though the fact which we perceive be true, we can 
easily see that a large portion of the perception is our 
own act; as when, from the sight of a bird of prey we 
infer a carcase, or when we read a half-obliterated in- 
scription. In the latter case, the mind supplies the 
meaning, and perhaps half the letters; yet we do not 
hesitate to say that we actually read the inscription. 
Thus, in many cases, our own inferences and interpre- 
tations enter into our facts. But this happens in 
many instances in which it is at first sight less obvious. 
When any one has seen an oak-tree blown down by a 
strong gust of wind, he does not think of the occurrence 

4—2 
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any otherwise tlian as a Fact of which he is assured by 
his senses. Yet by what sense does he perceive the 
Force which he thus supposes the wind to exert? By 
what sense does he distinguish an Oak-tree from all 
other trees'? It is clear upon reflexion, that in such 
a case, his own mind supplies the conception of extra- 
neous impulse and pressure, by which he thus inter- 
prets the motions observed, and the distinction of 
different kinds of trees, according to which he thus 
names the one under his notice. The Idea of Force, 
and the idea of definite Resemblances and Differences, 
are thus combined with the impressions on our senses, 
and form an undistinguished portion of that which we 
consider as the Fact. And it is evident that we can in 
no other way perceive Force, than by seeing motion; 
and cannot give a Name to any object, without not 
only seeing a difference of single objects, but supposing 
a difference of classes of objects. When we speak as 
if we saw impulse and attraction, things and classes, 
we really see only objects of various forms and colours, 
more or less numerous, variously combined. But do 
we really perceive so much as this? When we see the 
form, the size, the number, the motion of objects, are 
these really mere impressions on oiir senses, unmo- 
dified by any contribution or operation of the mind 
itself? A very little attention will suffice to convince 
us that this is not the case. When we see a windmill 
turning, it may happen, as we have elsewhere noticed*, 
that we mistake the direction in which the sails turn : 
when we look at certain diagrams, they may appear 
either convex or concave : when we see the moon first 
in the horizon and afterwards high up in the sky, we 
judge her to be much larger in the former than in the 
latter position, although to the eye she subtends the 
same angle. And in these cases and the like, it has 
been seen that the errour and confrision which we thus 
incur arise from the mixture of acts of the mind itself 
with impressions on the senses. But such acts are, as 
we have also seen, inseparable portions of the process 
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of perceJ)tion; A certain activity of the mind is in- 
volved, not only in seeing objects erroneously, but in 
seeing them at alL With reg^.rd to solid objects, this 
is generally acknowledged. When we seem to see an 
edifice occupying space in all dimensions, we really see 
only a representation of it as it appears referred by 
perapective to a surface. The inference of the solid 
form is an operation of our own, alike when we look at 
a reality and when we look at a picture. But we may 
go further. Is plane Figure really a mere Sensation? 
K we look at a decagon, do we see at once that it has 
ten sides, or is it not necessary for us to count them : 
and is not counting an act of the mind? All objects 
are seen in space ; all objects are seen as one or many : 
but are not the Idea of Space and the Idea of Number 
requisite in order that we may thus apprehend what 
we see? That these Ideas of Space and Nimiber in-^ 
volve a connexion derived from the mind, and not from " 
the senses, appears, as we have already seen, from this, ^ 
that those Ideas afford us the materials of imiversal 
and necessary truths: — such truths as the senses can- '• 
not possibly supply. And thus, even the perception of 
such £su5ts as the size, shape^ and number of objects, 
cannot be said to be impressions of sense, distinct from 
all acts of mind, and cannot be expected to be free 
from errour on the ground of their being mere observed 
Facts. 

Thus the difficulty which we have been illustrating, 
of distinguishing Facts from inferences and from inter- I 
pretations of fects, is not only great, but amounts to an 
impossibility. The separation at which we aimed in 
the outset of this discussion, and which was supposed 
to be necessary in order to obtain a firm groundwork 
for science, is found to be imattainable. We cannot 
obtain a sure basis of Facts, by rejecting all inferences 
and judgments of our own, for such inferences and 
judgments form an unavoidable element in all Facts. 
We cannot exclude our Ideas from our Perceptions, 
for our Perceptions involve our Ideas.' 

3. But still, it cannot be doubted that in selecting 
the Facts which are to form the foundation of Science, 
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we must reduce them to their most simple and certain 
form; and must reject everything from which doubt or 
errour may arise. Now since this, it appears, cannot 
be done, by rejecting the Ideas which all Facts in- 
volve, in what manner are we to conform to the ob- 
vious maxim, that the Facts which form the basis of 
Science must be perfectly definite and certain? 

The analysb of facts into Ideas and Sensations, 
which we have so often referred to, suggests the an- 
swer to this inquiry. We are not able, nor need we 
endeavour, to exclude Ideas from our Facts; but we 
1 may be able to discern, with perfect distinctness, the 
I Ideas which we include. We cannot observe any phe- 
nomena without applying to them such Ideas as Space 
and Number, Cause and Resemblance, and usually, 
several others; but we may avoid applying these Ideas 
in a wavering or obscure manner, and confounding 
Ideas with one another. We cannot read any of the 
inscriptions which nature presents to us, without in- 
terpreting them by means of some language which we 
ourselves are accustomed to speak; but we may make 
it our business to acquaint ourselves perfectly with the 
language which we thus employ, and to interpret it ac- 
cording to the rigorous rules of grammar and analogy. 
This maxim, that when Facts are employed as the 
basis of Science, we must distinguish clearly the Ideas 
which they involve, and must apply these in a distinct 
and rigorous manner, will be found to be a more pre- 
cise guide than we might perhaps at first expect. We 
may notice one or two Rules which flow from it. 

4. In the first place. Facts, when used as the mate- 
rials of physical Science, must be referred to Concep- 
{ tions of the Intellect ordy, all emotions of fear, admira- 
tion, and the like, being rejected or subdued. Thus, 
the observations of phenomena which are related as 
portents and prodigies, striking terrour and boding 
evil, are of no value for purposes of science. The tales 
of armies seen warring in the sky, the sound of arms 
heard from the clouds, fiery dragons, chariots, swords 
seen in the air, may refer to meteorological pheno- 
mena; but the records of phenomena observed in the 
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state of mind whicli these descriptions imply can be 
of no scientific value. We cannot make the poets our 
observers. 

Armorum sonitum toto Gerroania coelo 
Audiit ; insolifcia tremuerunt motibus Alpes. 
Vox quoque per lucoa vulgo exaudita silentes 
Ing^ns, et simulacra modis pallentia miris 
Visa sub obscurum noctis : pecudesque locutse. 

The mixture of fancy and emotion with the observation 
of facts has often disfigured them to an extent which 
is too £etmiliar to all to need illustration. We have an 
example of this result, in the manner in which Comets 
are described in the treatises of the middle ages. In 
such works, these bodies are regularly distributed into 
several classes, accordingly as they assume the form of 
a sword, of a spear, of a cross, and so on. When such 
resemblances had become matters of interest, the im- 
pressions of the senses were governed, not by the rigor- 
ous conceptions of form and colour, but by these as- 
sumed images ; and under these circumstances, we can 
attach little value to the statement of what was seen. 

In all such phenomena, the reference of the objects 
to the exact Ideas of Space, Number, Position, Motion, 
and the like, is the first step of Science : and accord- 
ingly, this reference was established at an early period 
in those sciences which made an early progress, as, for 
instance. Astronomy. Yet even in astronomy there 
appears to have been a period when the predominant 
conceptions of men in regarding the heavens and the 
stars pointed to mythical story and supernatural in- 
fluence, rather than to mere relations of space, time, 
and motion : and of this primeval condition of those 
who gazed at the stars, we seem to have remnants in 
the Constellations, in the mythological Names of the 
Planets, and in the early prevalence of Astrology. It 
was only at a later period, when men had begun to 
measure the places, or at least to count the revolutions 
of the stars, that Astronomy had its birth. 

5. And thus we are led to another Rule : — that in 
collecting Facts which are to be made the basis of 
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Science, the Facts are to be observed, as far as possible, 
I wUh reference to place, figure^ number, motion, and the 
; like Conceptions ; which, depending upon the Ideas of 
\ Space and Time, are the most universal, exact, and 
simple of our conceptions. It was by early attention to 
these relations in the case of the heavenly bodies, that 
ihe ancients formed the science of Astronomy : it was 
by not making precise observations of this kind in the 
case of terrestrial bodies, that they failed in framing a 
science of the Mechanics of Motion. They succeeded 
in Optics as far as they made observations of this na- 
ture; but when they ceased to trace the geometrical 
paths of rays in the actual experiment, they ceased to 
go forwards in the knowledge of this subject. 
. 6. But we may state a further Rule ; — ^that though 
these relations of Time and Space are highly important 
in almost all Facts, we are not to confine ourselves to 
these : but are to consider the phenomena imth reference 
to other Conceptiona also: it being always understood 
that these conceptions are to be made as exact and 
rigorous as those of geometry and number. Thus the 
science of Harmonics arose from considering sounds 
with reference to Concords and Discords; the science 
of Mechanics arose from not only observing motions as 
they take place in Time and Space, but ftirther, refer- 
ring them to Force as their Caicse, And in like man- 
ner, other sciences depend upon other Ideas, which, as 
I have endeavoured to show, are not less fundamental 
than those of Time and Space; and like them, capable 
of leading to rigorous consequences. 

7. Thus the Facts which we assume as the basis of 
Science are to be freed from all the mists which ima- 
gination and passion throw round them; and to be 
separated into those elementary Facts which exhibit 
simple and evident relations of Time, or Space, or 
Cause, or some other Ideas equally clear. We resolve 
the complex appearances which nature offers to us, 
and the mixed and manifold modes of looking at these 
appearances which rise in our thoughts, into limited, 
definite, and clearly-understood portions. This process 
we may term the Decomposition of Facts. It is the 
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beginiiing of exact knowledge, — ^the first step in the 
formation of all Science. This Decomposition of Facts 
into Elementary Facts, clearly understood and surely 
ascertained, must precede all discovery of the laws of 
nature. 

8. But though this step is necessary, it is not infal- 
libly sufficient. It by no means follows that when we 
have thus decomposed Facts into Elementary Truths 
of observation, we shall soon be able to combine these, 
so as to obtain Truths of a higher and more specula- 
tive kind. We have examples which show us how 
fer this is from being a necessary consequence of the 
former step. Observations of the weather, made and 
recorded for many years, have not led to any general 
truths, forming a science of Meteorology : and although 
great numerical precision has been given to such ob- 
servations by means of barometers, thermometers, and 
other instruments, still, no general laws regulating the 
cycles of change of such phenomena have yet been 
discovered. In like manner the faces of crystals, and 
the sides of the polygons which these crystals form, 
were counted, and thus numerical facts were obtained, 
perfectly true and definite, but still of no value for 
purposes of science. And when it was discovered 
what Element of the form of crystals it was important 
to observe and measure, namely, the Angle made by 
two faces with each other, this discovery was a step of 
a higher order, and did not belong to that depart- 
ment, of mere exact observation of manifest Facts, 
with which we are here concerned. 

9. When the Complex Facts which nature offers to 
us are thus decomposed into Simple Facts, the decom- 
position, in general, leads to the introduction of Terms 
and Phrases, more or less technical, by which these 
Simple Facts are described. When Astronomy was 
thus made a science of measurement, the things mea- 
sured were soon described as HourSy and Days, and 
Cycles, Altitude and Decimation^ Phases and Aspects, 
In the same manner, in Music, the concords had names 
assigned them, as Diapente, DiaMssa/ron, Diapason; in 
studying Optics, the Rays of light were spoken of as 
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having their course altered by Rejlexion and Refrac- 
tion; and when useful observations began to be made 
in Mechanics, the observers spoke of Force, Pressure, 
Momentum, Inertia, and the like. 

10. When we take phenomena in which the lead- 
ing Idea is Besemblance, and resolve them into precise 
component Facts, we obtain some kind of Classifica- 
tion; as, for instance, when we lay down certain Rules 
by which particular trees, or particular animals are to 
be known. This is the earliest form of Natural His- 
tory; and the Classification which it involves is that 
which corresponds, nearly or exactly, with the usual 
Names of the objects thus classified. 

11. Thus the first attempts to render observation 
J certain and exact, lead to a decomposition of the ob- 
jl vious facts into Elementary Facts, connected by the 
jl Ideas of Space, Time, Number, Cause, Likeness, and 
i! others: and into a Classification of the Simple Facts; 

a classification more or less just, and marked by Names 
either common or technical. Elementary Facts, and 
Individual Objects, thus observed and classified, form 
the materials of Science; and any improvement in 
Classification or Nomenclature, or any discovery of a 
Connexion among the materials thus accumulated, 
leads us fairly within the precincts of Science. We 
must now, therefore, consider the manner in which 
Science is built up of such materials; — ^the process by 
which they are brought into their places, and the tex- 
ture of the bond which unites and cements them. 
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Op the Colligation op Facts. 



Aphorism YII. 

Science begins with common observation of facts; but 
even at this stage, requires that the observations be precise. 
Hence the sciences which depend upon space and number 
were the earliest formed. After common observation^ come 
Scientific Observation and Experiment. 

Aphorism VIIL 

The Conceptions by which Facts are bound together, are 
suggested by the sagacity of discoverers. This sagacity can" 
not be taught. It commonly succeeds by guessing; and this 
success seems to consist in framing several tentative hypo- 
theses and selecting the right one. But a supply ofappro" 
priate hypotheses cannot be constructed by rule, nor without 
inventive talent. 

Aphorism IX. 

Hie truth of tentative hypotheses must be tested by their 
application to facts. The discoverer must be ready, care- 
fully to try his hypotheses in this manner, and to reject 
them if they will not bear the test, in spite of indolence and 
vanity, 

I. TjlACTS such as the last Chapter speaks of are, by 
j} means of such Conceptions as are described in 
the preceding Chapter, bound, together so as to give 
rise to those general Propositions of which Science 
consists. Thus the Facts that the planets revolve 
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about the sun in certain periodic times and at certain 
distances, fire included and connected in Kepler's Law, 
by means of such Conceptions as the squares of num- 
bers, the cvhes of distances, and the proportionality of 
these quantities. Again the existence of this propor- 
tion in the motions of any two planets, forms a set of 
Facts which may all be combined by means of the 
X*, Conception of a certain central accelerating force, as 

was proved by Newton. The whole of our physical 
knowledge consists in the establishment of such pro- 
positions; and in all such cases. Facts are bound to- 
gether by the aid of suitable Conceptions. This part 
of the formation of our knowledge I have called the 
CoUigation of Facts: and we may apply this term to 
every case in which, by an act of the intellect, we 
establish a precise connexion among the phenomena 
which are presented to our senses. The knowledge of 
such connexions, accumulated and systematized, is 
Science. On the steps by which science is thus col- 
lected from phenomena we shall proceed now to make 
a few remarks. 

2. Science begins with Common Observation of 
facts, in which we are not conscious of any peculiar 
discipline or habit of thought exercised in observing. 
Thus the common perceptions of the appearances and 
recurrences of the celestial luminaries, were the first 
steps of A stronomy : the obvious cases in which bodies 
fall or are supported, were the beginning of Mechanics ; 
the fiimiliar aspects of visible things, were the origin 
of Optics; the usual distinctions of well-known plants, 
first gave rise to Botany. Facts belonging to such 
parts of our knowledge are noticed by us, and accumu- 
lated in our memories, in the common course of our 
habits, almost without our being aware that we are 
observing and collecting facts. Yet such facts may 
lead to many scientific truths; for instance, in the first 
stages of Astronomy (as we have shown in the History) 
such facts led to Methods of Intercalation and Bules 
of the Recurrence of Eclipses. In succeeding stages 
of science, more especial attention and preparation on 
the part of the observer, and a selection of certain, 
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Mmis of facts, becomes necessary; but there is an early 
period in the progress of knowledge at which man is 
a physical philosopher, without seeking to be so, or 
being aware that he is so. 

3. But in all stages of the progress, even in that 
early one of which we have just spoken, it is neces- 
sary, in order that the facts may be fit materials of 
any knowledge, that they should be decomposed into 
Elementary Facts, and that these should be observed 
with precision. Thus, in the first infancy of astro- 
nomy, the recurrence of phases of the moon, of places 
of the sun's rising and setting, of planets, of eclipses, 
was observed to ^ke place at intervals of certain defi- 
nite numbers of days, and in a certain exact order; 
and thus it was, that the observations became portions 
of astronomical science. In other cases, although the 
facts were equally numerous, and their general aspect 
equally familiar, they led to no science, because their 
exact circumstances were not apprehended. A vague 
and loose mode of looking at facts very easily observ- 
able, left men for a long time under the belief that a 
body, ten times as heavy ba another, falls ten times as 
fest; — that objects immersed in water are always mag- 
nified, without regard to the form of the surface; — 
that the magnet exerts an irresistible force; — that 
crystal is always found associated with ice ; — and the 
like. These and many others are examples how blind 
and careless men can be, even in observation of the 
plainest and commonest appearances; and they show 
us that the mere faculties of perception, although con- 
stantly exercised upon innumerable objects, may long 
fell in leading to any exact knowledge. 

4. If we further inquire what was the favourable 
condition through which some special classes of facts 
were, from the first, fitted to become portions of sci- 
ence, we shall find it to have been principally this; — 
that these facts were considered with reference to the 
Ideas of Time, Number, and Space, which are Ideas 
possessing peculiar definiteness and precision ; so that 
with regard to them, confusion and indistinctness are 
hardly possible. The interval from new moon to new 
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moon was always a particular number of days: the 
sun in his yearly course rose and set near to a known 
succession of distant objects: the moon's path passed 
among the stars in a certain order : — ^these are obser- 
vations in which mistake and obscurity are not likely 
to occur, if the smallest degree of attention is bestowed 
upon the task. To count a number is, from the first 
opening of man's mental Acuities, an operation which 
no science can render more precise. The relations of 
space are nearest to those of number in obvious and 
universal evidence. Sciences depending upon these 
Ideas arise with the first dawn of intellectual civiliza- 
tion. But few of the other Ideas which man employs 
in the acquisition of knowledge possess this clearness 
f in their common use. The Idea of Resemblomce may 
'i be noticed, as coming next to those of Space and Num- 
J ber in original precision; and the Idea of Cav^ae, in a 
'j certain vague and general mode of application, suffi- 
cient for the purposes of common life, but not for the 
ends of science, exercises a very extensive influence 
over men's thoughts. But the other Ideas on which 
science depends, with the Conceptions which arise out 
of them, are not unfolded till a much later period of 
intellectual progress; and therefore, except in such 
limited cases as I have noticed, the observations of 
common spectators and uncultivated nations, however 
numerous or varied, are of little or no effect in giving 
rise to Science. 

5. Let us now suppose that, besides common every- 
day perception of facts, we turn our attention to some 
other occurrences and appearances, with a design of 
obtaining from them speculative knowledge. This 
process is more peculiarly called ObaervcUiony or, when 
we ourselves occasion the &cts, Eocperiment, But the 
same remark which we have already made, still holds 
good here. These fitcts can be of no value, except 
they are resolved into those exact Conceptions which 
contain the essential circumstances of the case. They 
must be determined, not indeed necessarily, as has 
sometimes been Baid, * according to Number, Weight, 
and Measure;' for, as we have endeavoured to show 



Digitized 



by Google 



OF THE COLLIGATION OF FACTS. 63 

in. the preceding Books*, there are many other Con- 
ceptions to which phenomena may be subordinated, 
quite different from these, and yet not at all less defi- 
nite and precise. But in order that the facts obtained 
by observation and experiment may be capable of 
being used in furtherance of our exact and soHd know- 
ledge, they must be apprehended and analysed accord- 
ing to some Conceptions which, applied for this pur- 
pose, give distinct and definite results, such as can be 
steadily taken hold of and reasoned from ; that is, the 
facts must be referred to Clear and Appropriate Ideas, 
according to the manner in which we have already ex-^ 
plained this condition of the derivation of our know- 
ledge. The phenomena of light, when they are such 
as to indicate sides in the ray, must be referred to the 
Conception oi polarization; the phenomena of mix- 
ture, when there is an alteration of qualities as well 
as quantities, must be combined by a Conception of 
eleTnenta/ry composition. And thus, when mere posi^ 
tion, and number, and resemblance, will no longer an- 
swer the purpose of enabling us to connect the facts, 
we call in other Ideas, in such cases more efficacious, 
though less obvious. 

6. But how are we, in these cases, to discover such 
Ideas, and to judge which will be efficacious, in leading 
to a scientific combination of our experimental data? 
To this question, we must in the first place answer, 
that the first and great instrument by which facts, so 
observed with a view to the formation of exact know- 
ledge, are combined into important and permanent 
truths, is that peculiar Sagacity which belongs to the 
genius of a Discoverer; and which, while it supplies 
those distinct and appropriate Conceptions which lead 
to its success, cannot be limited by rules, or expressed 
in definitions. It would be difficult or impossible to 
describe in words the habits of thought which led Ar- 
chimedes to refer the conditions of equilibrium on the 
Lever to the Conception of preasursy while Aristotle 
could not see in them anything more than the results 
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of the strangeness of the properties of the circle; — 
ot which impelled Pascal to explain by means of the 
Conception of the weight of air^ the facts which his 
predecessors had connected by the notion of nature's 
horrour of a vacuum; — or which caused Yitello and 
Roger Bacon to refer the magnifying power of a con- 
vex lens to the bending of the rays of light towards 
the perpendicular by refraction^ while others conceived 
the effect to result from the matter of medium, with 
no consideration of its form. These are what are com- 
monly spoken of as felicitous and inexplicable strokes 
of inventive talent; and such, no doubt, they are. No 
rules can ensure to us siinilar success in new cases; or 
can enable men who do not possess similar endow- 
ments, to make like advances in knowledge. 

7. Yet still, we may do something in tracing the 
process by which such discoveries are made ; and this 
it is here our business to do. We may observe that 
these, and the like discoveries, are not improperly de- 
scribed as happy Guesses; and that Guesses, in these 
as in other instances, imply various suppositions made, 
of which some one turns out to be the right one. We 
may, in such cases, conceive the discoverer as invent- 
ing and trying many conjectures, till he finds one 
which answers the purpose of combining the scattered 
facts into a single rule. The discovery of general 
truths from special facts is performed, commonly at 
least, and more commonly than at fii'st appears, by 
the use of a series of Suppositions, or Hypotheses^ 
which are looked at in quick succession, and of which, 
the one which really leads to truth is i*apidly detected, 
and when caught sight of, firmly held, verified, and 
followed to its consequences. In the minds of most 
discoverers, this process of invention, trial, and accept- 
ance or rejection of the hypothesis, goes on so rapidly 
that we cannot trace it in its successive steps. But in 
some instances, we can do so; and we can also see that 
the other examples of discovery do not differ essen- 
tially from these. The same intellectual operations 
take place in other cases, although this often happens 
so instantaneously that we lose the trace of the pro- 
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gression. In the discoveries made hj Kepler, we have 
a curious and memorable exhibition of this process in 
its details. Thanks to his communicative disposition, 
we know that he made nineteen hypotheses with re- 
gard to the motion of Mars, and calculated the results 
of each, before he established the true doctrine, that 
the planet's path is an ellipse. We know, in like man- 
ner, that Galileo made wrong suppositions respecting 
the laws of &lling bodies, and Mariotte, concerning 
the motion of water in a siphon, before they hit upon 
the correct view of these cases. 

8. But it has very often happened in the history of 
science, that the erroneous hypotheses which preceded 
the discovery of the truth have been made, not by the 
discoverer himself, but by his precursors ; to whom he 
thus owed the service, often an important one in such 
cases, of exhausting the most tempting forms of errour. 
Thus the various fruitless suppositions by which Kep- 
ler endeavoured to discover the law of refirawtion, led 
the way to its real detection by Snell; Kepler's nume- 
rous imaginations concerning the forces by which the 
celestial motions are produced, — his * physical reason- 
ings' as he termed them, — ^were a natural prelude to 
the truer physical reasonings of Newton. The various 
hypotheses by which the suspension of vapour in air 
had been explained, and their failure, left the field 
open for Dalton with his doctrine of the mechanical 
mixture of gases. In most cases, if we could truly 
analyze the operation of the thoughts of those who 
make, or who endeavour to make discoveries in sci- 
ence, we should find that many more suppositions pass 
through their minds than those which are expressed 
in words; many a possible combination of conceptions 
is formed and soon rejected. There is a constant in- 
vention and activity, a perpetual creating and selecting 
power at work, of which the last results only are ex- 
hibited to us. Trains of hypotheses are called up and 
pass rapidly in review; and the judgment makes its 
choice from the varied group. 

9. It would, however, be a great mistake to sup- 
pose that the hypotheses, among which our choice thu^ 
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lies, are constructed by an enumeration of obvious 
cases, or by a wanton alteration of relations which 
occur in some first hypothesis. It may, indeed, some- 
times happen that the proposition which is finally 
established is such as may be formed, by some slight 
alteration, from those which are justly rejected. Thus 
Kepler's elliptical theory of Mars*s motions, involved 
relations of lines and angles much of the same nature 
as his previous fidse suppositions : and the true law of 
refraction so much resembles those erroneous ones 
which Kepler tried, that we cannot help wondering 
how he chanced to miss it. But it more frequently 
happens that new truths are brought into view by the 
application of new Ideas, not by new modifications of 
old ones. The cause of the properties of the Lever 
was learnt, not by introducing any new geometrical 
combination of lines and circles, but by referring the 
properties to genuine mechanical Conceptions. When 
the Motions of the Planets were to be explained, this 
was done, not by merely improving the previous no- 
tions, of cycles of time, but by introducing the new 
conception of epicycles in space. The doctrine of the 
Four Simple Elements was expelled, not by forming 
any new scheme of elements which should impart, 
according to new rules, their sensible qualities to their 
compounds, but by considering the elements of bodies 
as neutrolidng each other. The Fringes of Shadows 
could not be explained by ascribing new properties to 
the single rays of light, but were reduced to law by 
refeiring them to the interference of several rays. 

Since the true supposition is thus very frequently 
something altogether diverse fi:om all the obvious con- 
jectures and combinations, we see here how fer we are 
from being able to reduce discovery to rule, or to give 
any precepts by which the want of real invention and 
sagacity shall be supplied. We may warn and en- 
courage these faculties when they exist, but we cannot 
create them, or make great discoveries when they are 
absent 

ID. The Conceptions which a true theory requires 
are very often clothed in a Hypothesis which connects 
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with them several superfluous and irrelevant circum- 
stances. Thus the Conception of the Polarization of 
Light was originally represented under the image of 
particles of light having their poles all turned in the 
same direction. The laws of Heat may be made out 
perhaps most conveniently by conceiving Heat to be 
a Fluid. The Attraction of Gravitation might have 
been successfully applied to the explanation of &cts, if 
Newton had throughout treated Attraction as the re- 
sult of an Uther diffiised through space ; a supposition 
which he has noticed as a possibility. The doctrine of 
Definite and Multiple Proportions maybe conveniently 
expressed by the hypothesis of Atoms, In such cases, 
the Hypothesis may serve at first to &cilitate the in- 
troduction of a new Conception. Thus a pervading 
Ether might for a time remove a diflGLculty, which some 
persons find considerable, of imagining a body to exert 
force at a distance. A Particle with Poles is more 
easily conceived than Polarization in the abstract. 
And if hypotheses thus employed will really explain 
the facts by means of a few simple assumptions, the 
laws so obtained may afterwards be reduced to a sim- 
pler form than that in which they were first suggested. 
The general laws of Heat, of Attraction, of Polariza- 
tion, of Multiple Propoi-tions, are now certain, what- 
ever image we may form to ourselves of their ultimate 
causes. 

II. In order, then, to discover scientific truths, sup- 
positions consisting either of new Conceptions, or of 
new Combinations of old ones, are to be made, till we 
find one supposition which succeeds in binding together 
the Facts. But how are we to find this ? How is the 
trial to be made? "What is meant by * success' in these 
cases? To this we reply, that our inquiry must be, 
whether the Facts have the same relation in the Hypo- 
thesis which they have in reality; — ^whether the results 
of our suppositions agree with the phenomena which 
nature presents to us. For this purpose, we must 
both carefully observe the phenomena, and steadily 
trace the consequences of our assumptions, till we can 
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bring the two into comparison. The Conceptions which 
our hypotheses involve, being derived from certain 
Fundamental Ideas, afford a basis of rigorous reasoning, 
as we have shown in the Books of the History of those 
Ideas. And the results to which this reasoning leads, 
will be susceptible of being verified or contradicted by 
observation of the facts. Thus the Epicyclical Theory 
of the Moon, once assumed, determined what the 
moon's place among the stars ought to be at any given 
time, and could therefore be tested by actually observ- 
ing the moon's places. The doctrine that musical 
strings of the same length, stretched with weights of 
I, 4, 9, 1 6, woul4 give the musical intervals of an oc- 
tave, a fifths a fourth, in succession, could be put to the 
trial by any cme whose ear was capaUe of appreciating 
those intervals : and the inference which follows from 
this doctrine by numerical reasoning, — that there must 
be certain imp^fections in the concords of every mu- 
gical scal6,=^ouid in l^ce manner be confirmed by try- 
ing various modes of Temperament In like manner 
all received theories in science, up to the present time, 
have been established by taking up some supposition, 
and comparing it, directly or by means of its remoter 
consequences, with the &cts it was intended to embrace.' 
Its agreement, under certain cautions and ccmditions, 
of wiuch we may hereafter speak, is held to be the evi- 
dence of its truth. It answers its genuine purpose, 
the Colligation of Facts. 

12. When we have, in any subject, succeeded in one 
attempt of this kind, and obtained some true Bond of 
Unity by which the phenomena are held together, the 
subject is open to further prosecution; which ulterior 
process may, for the most part, be conducted in a more 
formal and technical mann^. The first great outline 
of the subject is drawn ; and the finishing of the re- 
semblance of nature demands a more minute pencilling, 
but perhaps requires less of genius in the master. In 
the piu'suance of this task, rules and precepts may be 
given, and features and leading circumstances pointed 
out, of which it may often be useful to the inquirer to 
be aware. 
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Before proceeding further, I shall speak of some 
characteristic marks which belong to such scientific 
processes as are now the subject of our consideration, 
and which may sometimes aid us in determining when 
the task has been rightly executed. 
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CHAPTER V. 

Of Certain Characteristics of Scientific 
Induction. 



Aphorism X.' 



The process of scientific discovery is cautious and rigorous^ 
not by abstaining from hypotheses^ hut by rigorously com^ 
paring hypotheses vnih facts f and by resolutely rejecting all 
which the comparison does not confirm. 

Aphorism XL 
Hypotheses may be useful, though involving much tJiat is 
superfiuom, and even erroneotts: for they may supply the 
true bond of connexion of the facts; and the superfiuity and 
errour may afterwards be pared away. 

Aphorism XII. 

It is a test of true theories not only to account for, but tofi^ 
predict phenomena. 

Aphorism XIII. 

Induction is a term applied to describe the process of a 
true Colligation of Facts by means of an exact and appro- 
priate Conception. An Induction is also employed to denote 
the proposition which results from this process. 

Aphorism XIY. 

The Consilience of Inductions takes place when an 
Indttction, obtained from one class of facts, coincides with 
an Induction, obtained from another different class. This 
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Connlience is a test of tJie truth of the Theory in which it 
occurs. 

Aphorism XV. 

An IndtLCtion is not the mere sum of the Facts which are 
eoUigated, The Facts are not only brought together, but seen 
in a view point of view, A new mental Element is super- 
induced; and a peculiar constitution and discipline of mind 
are requisite in order to make this Induction. 

Aphobism XVI. 

Although in Every Induction a new conception is super- < 
induced upon the Facts; yet this once effectually done, the * 
noveUy of the conception is overlooked, and the conception is u 
considered as a part of the fact. 

Sect. I. — Invention a pa/rt of Induction^ 

* I. rilHE two operations spoken of in the preceding 
JL chapters, — ^the Explication of the Conceptions 
of our own minds, and the Colligation of observed Facts 
by the aid of such Conceptions, — are, as we have just 
said, inseparably connected with each other. When 
united, and employed in collecting knowledge from the 
phenomena which the world presents to us, they con- 
stitute the mental process of Induction ; which is usu- 
ally and justly spoken of as the genuine source of all 
our reaZ general knowledge respecting the external 
world. And we see, from the precedmg analysis of 
this process into its two constituents, from what origin 
it derives each of its characters. It is real, because it 
arises from the combination of Real Facts, but it is 
general, bedause it implies the possession of Genei*al 
Ideas. Without the former, it would not be know- 
ledge of the External World; without the latter, it 
would not be Knowledge at all. When Ideas and 
Facts are separated from each other, the neglect of 
Facts gives rise to empty speculations, idle subtleties, 
visionary inventions, felse opinions concerning the laws 
of phenomena, disregard of the true aspect of nature : 
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while the want of Ideas leaves the mind overwhelmed, 
bewildered, and stupified by particular sensations, with 
no means of connecting the past with the ftiture, the 
absent with the present, the example with the rule; 
open to the impression of all appearances, but capable 
of appropriating none. Ideas are the^Form, facts the 
Mdterial, of our structure. Knowledge does not con- 
sist in the empty mould, or in the brute mass of mat- 
ter, but in the rightly-moulded substance. Induction 
gathers general truths from particular facts ; — and in 
her harvest, the com and the reaper, the solid ears and 
the binding band, are alike requisite. All our know- 
ledge of nature is obtained by Induction ; the term 
being imderstood according to the explanation we have 
now given. And our knowledge is then most com- 
plete, then most truly deserves the name of Science, 
when both its elements are most perfect ; — ^when the 
Ideas which have been concerned in its formation have, 
at every step, been clear and consistent; and when 
they have, at every step also, been employed in bind- 
ing together real and certain Facts. Of such Induc- 
tion, I have already given so many examples and illus- 
trations in the two preceding chapters, that I need not 
now dwell further upon the subject. 

2. Induction is familiarly spoken of as the process 
by which we collect a General Proposition from a num- 
ber of Particular Cases : and it appears to be fre- 
quently imagined that the general proposition results 
from a mere juxta-position of the cases, or at most, from 
merely conjoining and extending them. But if we 
consider the process more closely, as exhibited in the 
cases lately spoken of, we shall perceive that this is an 
inadequate account of the matter. The particular 
facts are not merely brought together, but there is a 
New Element added to the combination by the very 
act of thought by which they are combined. There is 
a Conception of the mind introduced in the general 
proposition, which did not exist in any of the observed 
facts. "When the Greeks, affcer long observing the 
motions of the planets, saw that these motions might 
be rightly considered as produced by the motion of one 
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wheel revolving in the inside of another wheel, these 
Wheels were Creations of their minds, added to the 
Facts which they perceived by sense. And even if the 
wheels were no longer supposed to be matericd, but 
were reduced to mere geometrical spheres or circles, 
they were not the less products of the mind alone, — 
something additional to the &cts observed. The same 
is the case in all other discoveries. The facts are 
known, but they are insulated and unconnected, till 
the discoverer supplies from his own stores a Principle 
of Connexion. The pearls are there, but they will not 
hang together till some one provides the String. The 
distances and periods of the planets were all so many 
separate facts; by Kepler's Third Law they are con- 
nected into a single truth : but the Conceptions which 
this law involves were supplied by Kepler's mind, and 
without these, the facts were of no avail. The planets 
described ellipses round the sun, in the contemplation 
of others as well as of Newton ; but Newton conceived 
the deflection from the tangent in these elliptical mo- 
tions in a new light, — as the effect of a Central Force 
following a certain law ; and then it was, that such a 
force was discovered truly to exist. 

Thus^ in each inference made by Induction, there is 
introduced some General Conception, which is given, 
not by the phenomena, but by the mind. The con- 
clusion is not contained in the premises, but includes 
them by the introduction of a New Generality. In 
order to obtain our inference, we travel beyond the 
cases which we have before us; we consider them as 
mere exemplifications of some Ideal Case in which the 
relations are complete and intelligible. We take a 
Standard, and measure the foots by it; and this 
Standard is constructed by us, not offered by Nature. 
We assert, for example, that a body left to itself will 
move on with amaltered velocity; not because our 
senses ever disclosed to us a body doing this, but be- 
cause (taking this as our Ideal Case) we find that all 
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actual cases are intelligible and explicable by means of 
the Conception of Forces, causing change and motion, 
and exerted by surrounding bodies. In like manner, 
we see bodies striking each other, and thus moving and 
stopping, accelerating and retarding each other: but 
in idl this, we do not perceive by our senses that 
abstract quantity, Momenttmiy which is always lost by 
one body as it is gained by another. This Momentum 
is a creation of the mind, brought in among the &cts, 
in order to convert their apparent confusion into order, 
their seeming chance into certainty, their perplexing 
variety into simplicity. This the Conception of Mo- 
menPum gained cmd lost does : and in like manner, in 
any other case in which a truth is established by In- 
duction, some Conception is introduced, some Idea is 
applied, as the means of binding together the facts, 
and thus producing the truth. 

3. Hence in every inference by Induction, there is 
some Conception superinduced upon the Facts: and 
we may henceforth conceive this to be the peculiar 
import of the term Induction, I am not to be under- 
stood as asserting that the term was originally or 
anciently employed with this notion of its meaning ; 
for the peculiar feature just pointed out in Induction 
has generally been overlooked. This appears by the 
accounts generally given of Induction. ' Induction,' 
says Aristotle', 'is when by means of one extreme 
term * we infer the other extreme term to be true of 
the middle term.' Thus, (to take such exemplifications 
as belong to our subject,) from knowing that- Mercury, 
Yenus,- Mars, describe ellipses about the Sun, we infer 
that all Planets describe ellipses about the Sun. In 
making this inference syllogistically, we assume that 
the evident proposition, 'Mercury, Yenus, Mars, do 
what all Planets do,' may be taken conversely, 'All 



^ Analyt Prior, lib. iL c xxiiL UepX t^ eiraywy^«. 
* The syllogism here alladed to would be this :— 

Mercury, Venus, Mars, describe ellipses about the Sun ; 

All Planets do what Mercury, Venus, Mars, do ; 

Therefore all Planets describe ellipses about the Sun, 
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Planets do what Mercury, Venus, Mars, da* But we 
may remark that, in this passage, Aristotle (as was 
natoral in his line of discussion) turns his attention 
entirely to the evidence of the inference; and overlooks 
a step which is of far more importance to our know- 
ledge, namely, the invention of the second extreme 
tenn. In the above instance, the particular luminaries, 
Mercury, Venns, Mars, are one logical Uoctreme; the 
general designation Planets is the Middle Term; but 
having these before ns, how do we come to think of 
description of eUipaes, which is the other Extreme 
of the syllogism? When we have once invented this 
' second Extreme Term,' we may, or may not, be satis- 
fied with the evidence of the syllogism ; we may, or 
may not, be convinced that, so far as this property 
goes, the extremes are co-extensive with the middle 
term*; but the statement of the syllogism is the im- 
portant step in science. We know how long Kepler 
laboured, how hard he fought, how many devices he 
tried, before he hit upon this Term, the Elliptical 
Motion. He rejected, as we know, many other ' second 
extreme Terms,' for example, various combinations of 
epicyclical constructions, because they did not represent 
with sufficient accuracy the special facts of observa- 
tion. When he had established his premiss, that 'Mars 
does describe an Ellipse about the Sun,' he does not 
hesitate to gvsss at least that, in this respect^ he might 
convert the other premiss, and assert that ' All the 
Planets do what Mars does.' But the main business 
was, the inventing and verifying the proposition re- 
specting the Ellipse. The Invention of the Conception 
was the great step in the discovery; the Veiification of 
the Proposition was the great step in the proof of the 
discovery. K Logic consists in pointing out the con- 
ditions of proof, the Logic of Induction must consist in 
showing what are the conditions of proof, in such infer- 
ences as this : but this subject must be pursued in the 
next chapter; I now speak principally of the act of 
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Irivention, which is requisite in every inductive in- 
ference. 

4. Although in every inductive inference, an act of 
invention is requisite, the act soon slips out of notice. 
Although we bind together facts by supennducing 
upon them a new Conception, this Conception, once 
introduced and applied, is looked upon as inseparably 
connected with the facts, and necessarily implied in 
them. Having once had the phenomena bound to- 
gether in their minds in virtue of the Conception, men 
can no longer easily restore them back to the detached 
and incoherent condition in which they were before 
they were thus combined. The pearls once strung, 
they seem to form a chain by their nature. Induction 
has given them a unity which it is so far from costing 
us an effort to preserve, that it requires an effort to 
imagine it dissolved. For instance, we usuaDy repre- 
sent to ourselves the Earth as roundy the Earth and 
the Planets as revolving about the Sun, and as drawn 
to the Sun by a Central Force ; we can hardly under- 
stand how it could cost the Greeks, and Copernicus, 
and Newton, so much pains and trouble to arrive at a 
view which to us is so familiar. These are no longer 
to us Conceptions caught hold of and kept hold of by 
a severe struggle; they are the simplest modes of con- 
ceiving the facts : they are really Facts. We are will- 
ing to own our obligation to those discoverers, but we 
hardly feel it : for in what other manner (we ask in 
our thoughts) could we represent the facts to our* 
selves ? 

Thus we see why it is that this step of wliich we 
how speak, the Invention of a new Conception in 
every inductive inference, is so generally overlooked 
that it has hardly been noticed by preceding philoso- 
phers. When once performed by the discoverer, it 
takes a fixed and permanent place in the understanding 
of every one. It is a thought which, once breathed 
forth, permeates all men's minds. All fancy they 
nearly or quite knew it before. It oft was thought, or 
almost thought, though never till now expressed. Men 
accept it and retain it, and know it cannot be taken 
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from them, and look upon it as their own. They will not 
and cannot part with it, even though they may deem 
it trivial and obvious. It is a secret, which once 
tittered, cannot be recalled, even though it be despised 
by those to whom it is imparted. As soon as the lead- 
ing t^rm of a new theory has been pronounced and 
understood, all the phenomena change their aspect. 
There is a standard to which we cannot help referring 
them. We cannot fall back into the helpless and 
bewildered state in which we gazed at them when we 
possessed no principle which gave them unity. Eclipses 
arrive in mysterious confusion : the notion of a Cycle 
dispels the mystery. I^e Planets perform a tangled 
and mazy daiice; but Epicycles reduce the maze to 
order. The Epicydes themselves run into confusion ; 
the conception of an EUipse makes all clear and simple. 
And thus from stage to stage, new elements of intel- 
ligible ord^ are introduced. But this intelligible order 
is so completdy adopted by the human understanding, 
as to seem part of its texture. Men ask Whether 
Eclipses follow a Cycle; Whether the Planets describe 
SSlipses; and th^ imagine that so long as they do not 
cmmjoer such questions radily, they take nothing for 
granted. Th^ do not recollect how much they assume 
in aakmg the question: — how far the conceptions of 
Cycles and of Ellipses are beyond the visible surfiEice of 
the celestial phenomena: — ^how many ages elapsed, 
how much thought, how much observation, were 
needed, before men's thoughts were fashioned into the 
words which th^ now so familiarly use. And thus 
they treat the subject, as we have seen Aristotle treat- 
ing it; as if it were a question, not of invention, but 
of proof; not of substance, but of form : as if the main 
thing were not what we assert, but hmo we assert it. 
But for our purpose, it is requisite to bear in mind the 
feature which we have thus attempted to mark ; and 
to recollect that, in ev^y inference by induction, there 
is a Conoeplicm supplied by the mind and superinduced 
upon the Facts. 

5. In collecting scientific truths by Induction, we 
ofben find (as has already been observed) a Definition 
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and a Proposition established at the same time, — ^in* 
troduced together, and mutually dependent on each 
other. The combination of the two constitutes the 
Inductive act; and we may consider the Definition as 
representing the superinduced Conception, and the 
Proposition as exhibiting the Colligation of Facts, 

Sect. II. — Use of Sypoihesea, 

6. To discover a Conception of the mind which will 
justly represent a train of observed facts is, in some 
measure, a process of conjecture, as I have stated al- 
ready ; and as I then obs^ed, the business of conjec- 
ture is commonly conducted by calling up before our 
minds several suppositions, and selecting that one which 
most agrees with what we know of the obsei'ved facts. 
Hence he who has to discover the laws of nature may 
have to invent many suppositions before he hits upon 
the right one; and among the endowments which lead 
to his success, we must reckon that fertility of inven- 
tion which ministers to him such imaginary schemes, 
till at last he finds the one which conforms to the true 
order of nature. A fiujility in devising hypotheses, 
therefore, is so far from being a fault in the intellec- 
tual character of a discoverer, that it is, in truth, a 
faculty indispensable to his task. It is, for his pur- 
poses, much better that he should be too ready in con- 
triving, too eager in pursuing systems which promise 
to introduce law and order among a mass of unarranged 
facts, than that he should be barren of such inventions 
and hopeless of such success. Accordingly, as we have 
already noticed, great discoverers have often invented 
hypotheses which would not answer to all the fiicts, as 
well as those which would; and have fancied them- 
selves to have discovered laws, which a more careful 
examination of the facts overturned. 

The tendencies of our speculative nature*, carrying 



* I here take the liberty of charac- the History of Science, I have em- 
terizing inventive minds in general ployed in reference to particular ex- 
in the same phraseology which, in amplea. These expressions are what 
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us onwards in pursuit of symmetry and rule, and thus 
producing all true theories, perpetually show their 
vigour by overshooting the mark. They obtain some- 
thing, by aiming at much more. They detect the order 
and connexion which exist, by concdving imaginary 
relations of order and connexion which have no exist- 
ence. Real discoveries are thus mixed with baseless 
assumptions; profound sagacity is combined with fen- 
ciful conjecture; not rarely, or in peculiar instances, 
but commonly, and in most cases; probably in all, if we 
could read the thoughts of discoverers as we read the 
books of Kepler. • To try wrong guesses is, with most 
persons, the only way to hit upon right ones. The 
character of the true philosopher is, not that he never 
conjectures hazardously, but that his conjectures are 
clearly conceived, and brought into rigid contact with 
facts. He sees and compares distinctly the Ideas and 
the Things; — ^the relations of his notions to each other 
and to phenomena. Under these conditions, it is not 
only excusable, but necessary for him, to snatch at 
every semblance of general rule, — ^to try all promising 
forms of simplicity and symmetry. 

Hence advances in knowledge^ are not commonly 
made without the previous exercise of some boldness 
and license in guessing. The discovery of new truths 
requires, undoubtedly, minds careful and scrupulous in 
examining what is suggested; but it requires, no less, 
such as are quick and fertile in suggesting. What is 
Invention, except the talent of rapidly calling before us 
the many possibilities, and selecting the appropriate 
one? It is true, that when we have rejected all the 
inadmissible suppositions, they are often quickly for- 
gotten; and few think it necessary to dwell on these 
discarded hypotheses, and on the process by which they 
were condemned. But all who discover truths, must 
have reasoned upon many errours to obtain each truth; 



I have used in speaking of the disco- occasion of Kepler's speculations, and 

veries of Copernicus.- Jw*. Ind. Sc are iUustrated by reference to his 

b. V. c iL discoveries.— AM. Ind. Sc b. v. c iv. 

* These observations are made on sect. z. 
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every accepted doctrine must have been one chosen 
out of many candidates. K many of the guesses of 
philosophers of bygone times now appear fanciful and 
absurd, because time and observation have refuted them, 
others, which were at the time equally gratuitous, have 
been confirmed in a manner whidi makes them a{^)ear 
marvellously sagacious. To form hypotheses, and then 
to employ much labour and skill in refuting them, if 
they do not succeed in establishing them, is a part of 
the usual process of inventive minds. Such a proceed^ 
ing belongs to the rule of the genius of discovery, 
rather than (as has often been taught in modem times) 
to the eocception. 

7. But if it be an advantage for the discoverer of 
truth that he be ingenious and fertile in inventing 
hypotheses which may connect the phenomena of na- 
ture, it is indispensably requisite that he be diligent 
and careful in comparing his hypotheses with the j^ts, 
and ready to abandon his invention as soon as it ap- 
pears that it does not agree with the course of actual 
occurrences. This constant comparison of his own 
conceptions and supposition with observed facts under 
all aspects, forms the leading employment of the dis- 
coverer: this candid and simple love of taith, which 
makes him willing to suppress the most favourite pro- 
duction of his own ingenuity as soon as it appears to 
be at variance with realities, constitutes the first cha- 
racteristic of his temper. He must have neither the 
blindness which cannot, nor the obstinacy which will 
not, perceive the discr^ancy of his fancies and his 
fects. He must allow no indolence, or partial views, 
or self-complacency, or delight in seeming demonstra- 
tion, to make him tenacious of the schemes which he 
devises, any further than they are confirmed by their 
accordance with nature. The framing of hypotheses 
is, for the inquirer after truth, not the end, but the 
beginning of his work. Each of his systems is in- 
J vented, not that he may admire it and follow it into 
all its consistent consequences, but that he may make 
it the occasion of a course of active experiment and 
observation. And if the results of this process contra- 
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diet his fundamental assumptions, however ingenious, 
however symmetrical, however elegant his system may 
be, he rejects it without hesitation. He allows no 
natural yearning for the oflfepring of his own mind to 
draw him aside from the higher duty of loyalty to his 
sovereign, Truth: to her he not only gives his affec- 
tions and his wishes, but strenuous labour and scrupu- 
lous minuteness of attention. 

We may refer to what we have said of Kepler, New- 
ton, and other eminent philosophers, for illustrations 
of this character. In Kepler we have remarked^ the 
courage and perseverance with which he undertook and 
executed the task of computing his own hypotheses: 
and, as a still more admirable characteristic, that he- 
never allowed the labour he had spent upon any con- 
jecture to produce any reluctance in abandoning the 
hypothesis, as soon as he had evidence of its inac- 
curacy. And in the history of Newton's discovery 
that the moon is retained in her orbit by the force of 
gravity, we have noticed the same moderation in main- 
taining the hypothesis, after it had once occurred to 
the author's mind. The hypothesis required that the 

ehould fall from the tangent of her orbit every 
through a space of sixteen feet; but according 
Lrst calculations it appeared that in fact she only 
fell through a space of thirteen feet in that time. The 
difference seems small, the approximation encouraging, 
the theory plausible ; a man in love with his own fan- 
cies would readily have discovered or invented some 
probable cause of the difference. But Newton acqui- 
esced in it as a disproof of his conjecture, and * laid 
aside at that time any further thoughts of this matter®.' 
8. It has often happened that those who have Tinder- 
taken to instruct mankind have not possessed this pure 
love of truth and comparative indifference to the main- 
tenance of their own inventions. Men have frequently 
adhered with great tenacity and vehemence to the hy- 
potheses which they have once framed; and in their 



» Hist. Ind. Sc. b. V. c. Iv. sect i. 
» Hist. Jnd.Scb.vii.ciL sect 3. 
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affection for these, have been prone to overlook, to dis- 
tort, and to misinterpret facts. In this manner, Hypo- 
theses have so often been prejudicial to the genuine 
pursuit of truth, that they have fallen into a kind of 
obloquy; and ha^e been considered as dangerous temp- 
tations and fallacious guides. Many warnings have 
been uttered against the fabrication of hypotheses, by 
those who profess to teach philosophy ; many disclaimers 
of such a course by those who cultivate science. 

Thus we shall find Bacon frequently discommending 
this habit, under the name of 'anticipation of the mind,' 
and Newton thinks it necessary to say emphatically 
* hypotheses non fingo.' It has been constantly urged 
that the inductions by which sciences are formed must 
be cautious and rigorous; and the various imaginations 
which passed through Kepler's brain, and to which he 
has given utterance, have been blamed or pitied, as 
lamentable instances of an unphilosophical frame of 
mind. Yet it has appeared in the preceding remarks 
that hypotheses rightly used are among the helps, far 
more than the dangers, of science ; — ^that scientific in- 
duction is not a * cautious' or a * rigorous' process in 
the sense of abstaining from such suppositions, but in 
not adhering to them tUl they are confirmed by fact, and 
in careftdly seeking from facts confirmation or refuta- 
tion. Kepler's distinctive character was, not that he was 
peculiarly given to the construction of hypotheses, but 
that he narrated with extraordinary copiousness and 
candour the course of his thoughts, his labours, and 
his feelings. In the minds of most persons, as we have 
said, the inadmissible suppositions, when rejected, are 
soon forgotten: and thus the trace of them vanishes 
from the thoughts, and the successful hypothesis alone 
holds its place in our memory. But in reality, many 
other transient suppositions must have been made by 
all discoverers; — ^hypotheses which are not afterwards 
asserted as true systems, but entertained for an in- 
stant; — 'tentative hypotheses,' as they have been 
called. Each of these hypotheses is followed by its 
corresponding train 'of observations, from which it de- 
rives its power of leading to truth. The hypothesis is 
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like the captain, and tLe observations like the soldiers 
of an army : while he appears to command them, and 
in this way to work his own will, he does in fact derive 
all his power of conquest from their obedience, and be- 
comes helpless and useless if they mutiny. 

Since the discoverer has thus constantly to work his 
way onwards by means of hypotheses, false and true, 
it is highly important for him to possess talents and 
means for rapidly testing each supposition as it offers 
itself. In this as in other parts of the work of disco- 
very, success has in general been mainly owing to the 
native ingenuity and sagacity of the discoverer's mind. 
Yet some Kul^ tending to further this object have 
been delivered by eminent philosophers, and some 
others may perhaps be suggested. Of these we shall 
here notice only some of the most general, leaving for 
a future chapter the consideration of some more 
limited and detailed processes by which, in certain 
cases, the discovery of the laws of nature may be 
materially assisted. 



Sect. TIL — Tests of Hypotlieses, 

9. A maxim which it may be useful to recollect is 
this; — ^that hypotheses may often he of service to science^ 
when they involve a certain portion of incompleteness , 
and even oferrov/r. The object of such inventions is to 
bind together facts which without them are loose and 
detached; and if they do this, they may lead the way 
to a perception of the true rule by which the pheno- 
mena are associated together, even if they themselves 
somewhat misstate the matter. The imagined arrange- 
ment enables us to contemplate, as a whole, a collection 
of special cases which* perplex and overload our minds 
when they are considered in succession; and if our 
scheme has so much of truth in it as to conjoin what is 
really connected, we may afterwards duly correct or 
limit the mechanism of this connexion* If our hypo- 
thesis renders a reason for the agreement of cases 
really similar, we may afterwards find this treason to be 

6—2 
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false, but we shall be able to translate it into the lan- 
guage of truth. 

A conspicuous example of such an hypothesis, — one 
which was of the highest value to science, though very- 
incomplete, and as a representation of nature alto- 
gether false, — ^is seen in the Doctrine of epicycles by 
which the ancient astronomers explained the motions 
of the sun, moon, and planets. This doctrine con- 
nected the places and velocities of these bodies at par- 
ticular times in a manner which was, in its general 
features, agreeable to nature. Yet this doctrine was 
erroneous in its assertion of the circular nature of all 
the celestial motions, and in making the heavenly 
bodies revolve round the earth. It was, however, of 
immense value to the progress of astronomical science ; 
for it enabled men to express and reason upon many 
important truths which they discovered respecting the 
motion of the stars, up to the time of Kepler. Indeed 
we can hardly imagine that astronomy could, in its 
outset, have made so great a progress under any other 
form, as it did in consequence of being cultivated in 
this shape of the incomplete and false epicyclical hypo- 
thesis, 

"We may notice another instance of an exploded 
hypothesis, which is generally mentioned only to be 
ridiculed, and which undoubtedly is both false in the 
extent of its assertion, and unphilosophical in its 
expression ; but which still, in its day, was not with- 
out merit. I mean the doctrine of Natures horrour 
of a vacuum (fiiga vacui\ by which the action of 
siphons and pumps and many other phenomena were 
explained, till Mersenne and Pascal taught a truer 
doctrine. This hypothesis was of real service; for it 
brought together many facts 'vhich really belong to 
the same class, although they are very different in their 
first aspect. A scientific writer of modem times* ap- 
pears to wonder that men did not at once divine the 
weight of the air, from which the phenomena formerly 
ascribed to Wiefuga vacui really result. ' Loaded, com- 
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pressed by the atmosphere/ he says, 'they did not 
recognize its action. In vain all nature testified that 
air was elastic and heavy; they shut their eyes to her 
testimony. The water rose in pumps and flowed in 
siphons at that time, as it does at this day. They 
could not separate the boards of a pair of bellows of 
which the holes were stopped; and they could not 
bring together the same boards without difficulty, if 
they were at first separated. Infants sucked the milk 
of their mothers; air entered rapidly into the lungs 
of animals at every inspiration; cupping-glasses pro- 
duced tumours on the skin; and in spite of all these 
striking proofs of the weight and elasticity of the air, 
the ancient philosophers maintained resolutely that air 
was light, and explained all these phenomena by the 
horrour which they said nature had for a vacuum.' 
It is curious that it should not have occurred to the 
author while, writing this, that if these facts, so nu- 
merous and various, can all be accounted for by one 
principle, there is a strong presumption that the prin- 
ciple is not altogether baseless. And in reality is it 
not true that nature does abhor a vacuum, and does all 
she can to avoid it ? No doubt this power is not un- 
limited; and moreover we can trace it to a mechanical 
cause, the pressure of the circumambient air. But the 
tendency, arising from this pressure, which the bodies 
surrounding a space void of air have to rush into it, 
may be expressed, in no extravagant or unintelligible 
manner, by saying that nature has a repugnance to a 
vacuum. 

That imperfect and false hypotheses, though they 
may thus explain some phenomena, and may be useful 
in the progress of science, cannot explain all pheno- 
mena; — and that we are never to rest in our labours 
or acquiesce in our results, till we have found some 
view of the subject which is consistent with all the ob- 
served foots ; — ^will of course be understood. We shall 
afterwards have to speak of the other steps of such a 
progress. 

10. Thus the hypotheses which we accept ought to 
explain phenomena which we have observed. But they 
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ought to do more than this : our hypotheses ought to 
foretel phenomena which have not yet been observed ; 
at least all phenomena of the same kind as those which 
the hypothesis was invented to explain. For our assent 
to the hypothesis implies that it is held to be true of all 
particular iu stances. That these cases belong to past or 
to future times, that they have or have not already 
occurred, makes no diflference in the applicability of the 
rule to them. Because the rule prevails, it includes all 
cases; and will deteimine them all, if we can only cal- 
culate its real consequences. Hence it will predict the 
results of new combinations, as well as explain the ap- 
pearances which have occurred in old ones. And that 
it does this with certainty and correctness, is one mode 
in which the hypothesis is to be verified as right and 
useful. 

The scientific doctrines which have at various periods 
been established have been verified in this manner. 
For example, the Epicyclical Theory of the heavens 
was confirmed by its predicting truly eclipses of the 
sun and moon, configurations of the planets, and other 
celestial phenomena; and by its leading to the con- 
struction of Tables by which the places of the heavenly 
bodies were given at every moment of time. The truth 
and accuracy of these predictions were a proof that the 
hypothesis was valuable, and, at least to a great extent, 
true ; although, as was afterwards found, it involved a 
false representation of the structure of the heavens. 
In like manner, the discovery of the Laws of Refrac- 
tion enabled mathematicians to predict, by calculation, 
what would be the effect of any new form or combina- 
tion of transparent lenses. Newton's hypothesis of 
Fits of Easy Transmission and Easy Reflection in the 
particles of light, although not confirmed by other 
kinds of facts, involved a true statement of the law of 
the phenomena which it was fi:umed to include, and 
served to predict the forms and colours of thin plates 
for a wide range of given cases. The hypothesis that 
Light operates by Undulations and Inierferences, af- 
forded the means of predicting results under a still 
larger extent of conditions. In like manner in the 
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progress of chemical knowledge, the doctrine of PMo' 
giston supplied the means oi foreseeing the consequence 
of many combinations of elements, even before they 
were tried; but the Oxygen Theory, besides aflEbrding 
predictions, at least equally exact, with regard to the 
general results of chemical operations, included all the 
£icts concerning the relations of weight of the elements 
and their compounds, and enabled chemists io foresee 
such facts in untried cases. And the Theory of Electro- 
mcLgnetw Forces, as soon as it was rightly understood, 
enabled those who had mastered it to predict motions 
such as had not been before observed, which were ac- 
cordingly found to take place. 

Men cannot help believing that the laws laid down 
by discoverers must be in a great measure identical 
with the real laws of nature, when the discoverers thus 
determine effects beforehand in the same manner in 
which nature herself determines them when the occa- 
sion occurs. Those who can do this, must, to a con- 
siderable extent, have detected nature's secret ; — must 
have fixed upon the conditions to which she attends^ 
and must have seized the niles by which she applies 
them. Such a coincidence of untried facts with specu- 
lative assertions cannot be the work of chance, but im- 
plies some large portion of truth in the principles on 
which the reasoning is founded. To trace order and 
law in that which has been observed, may be considered 
as interpreting what nature has written down for us, 
and will commonly prove that we understand her 
alphabet. But to predict what has not been observed, 
is to attempt ourselves to use the legislative phrases of 
nature ; and when she responds plainly and precisely 
to that which we thus utter, we cannot but suppose 
that we have in a great measure made ourselves masters 
of the meaning and structure of her language. The 
prediction of results, even of the same kind as those 
which have been observed, in new cases, is a proof of 
real success in our inductive processes. 

II. We have here spoken of the prediction of 
facts of the same kind as those from which our rule 
vas collected. But the evidence in favour of our 
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induction is of a mucli higher and more forcible cha- 
racter when it enables ns to explain and determine 
cases of a kind different from those which were con- 
templated in the formation of our hypothesis. The 
instances in which this has occurred, indeed, impress 
us with a conviction that the truth of our hypothesis 
is certain. No accident could give rise to such an 
extraordinary coincidence. No false supposition could, 
after being adjusted to one class of phenomena, exactly 
represent a different class, where the agreement was 
unforeseen and uncontemplated. That rules springing 
from remote and unconnected quarters should thus 
leap to the same point, can only arise from tliat being 
the point where truth resides. 

Accordingly the cases in which inductions from 
classes of facts altogether different have thus jumped 
together, belong only to the best established theories 
which the history of science contains. And as I shall 
have occasion to refer to this peculiar feature in their 
evidence, I will take the liberty of describing it by a 
particular phrase; and will term it the GonsUience of 
Inductions, 

It is exemplified principally in some of the greatest 
discoveries. Thus it was found by Newton that the 
doctrine of the Attraction of the Sun varying accord- 
ing to the Inverse Square of this distance, which ex- 
plained Kepler's Third Law, of the proportionality of 
the cubes of the distances to the squares of the periodic 
times of the planets, explained also his First and 
Second Laws, of the elliptical motion of each planet ; 
although no connexion of these laws had been visible 
before. Again, it appeared that the force of Universal 
Gravitation, which had been inferred from the Pertur- 
bations of the moon and planets by the sun and by 
each other, also account^ for the fact, apparently 
altogether dissimilar and remote, of the Precession, of 
the equinoxes. Here was a most striking and sur- 
prising coincidence, which gave to the theory a stamp 
of truth beyond the power of ingenuity to counterfeit. 
In like manner in Optics; the hypothesis of alternate 
Fits of easy Transmission and Reflection would explain 
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the colours of thin plates, and indeed was devised and 
adjusted for that very purpose ; but it could give no 
account of the phenomena of the fringes of shadows. 
But the doctrine of Interferences, constructed at first 
with reference to phenomena of the nature of the 
Fringes, explained also the Colowra of thm plates better 
than the supposition of the Fits invented for that very 
purpose. And we have in Physical Optics another 
example of the same kind, which is quite as striking 
as the explanation of Precession by inferences from the 
facts of Perturbation. The doctrine of Undulations 
propagated in a Spheroidal Form was contrived at first 
by Huyghens, with a view to explain the laws of 
Double Refraction in calc-spar; and was pursued with 
the same view by Fresnel. But in the course of the 
investigation it appeared, in a most unexpected and 
wonderful manner, that this same doctrine of sphe- 
roidal undulations, when it was so modified as to 
account for the directions of the two refracted rays, 
accounted also for the positions of their Planes of 
Pola/rization^^ ; a phenomenon which, taken by itself, 
it had perplexed previous mathematicians, even to 
represent. 

The Theory of Universal Gravitation, and of the 
Undulatory Theory of Light, are, indeed, full of exam- 
ples of this Consilience of Inductions. With regard to 
the latter, it has been justly asserted by Herschel, that 
the history of the undulatory theory was a succession 
of felidties^^. And it is precisely the unexpected coin- 
cidences of results drawn from distant parts of the 
subject which are properly thus described. Thus the 
Laws of the Modifcation of polarization to which 
Fresnel was led by his general views, accounted for 
the Bule respecting the Angle ai which light is polar- 
ized, discovered by Sir D. Brewster^*. The concep- 
tions of the theory pointed out peculiar Modifications 
of the phenomena when NefwtorCs rings were produced 
by polarised light, which modifications were ascer- 
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tained to take place in fact, by Arago and Airy^^ 
When the beautiful phenomena of Dipolarized light 
were discovered by Arago and Biot, Young was able 
to declare that they were reducible to the general laws 
of Interference which he had already established^*. 
And what was no less striking a confirmation of the 
truth of the theory, Measwrea of the same element 
deduced from various classes of facts were found to 
coincide. Thus the Length of a luminiferous undu- 
lation, calculated by Young from the measurement of 
Fringes of shadows, was found to agree very nearly 
with the previous calculation from the colours of Thin 
plates^ \ 

No example can be pointed out, in the whole his- 
tory of science, so far as I am aware, in which this 
Consilience of Inductions has given testimony in 
favour of an hypothesis afterwards discovered to be 
felse. If we take one class of facts only, knowing the 
law which they follow, we may construct an hypothe- 
sis, or perhaps several, which may represent them : 
and as new circumstances are discovered, we may often 
adjust the hypothesis so as to correspond to these also. 
But when the hypothesis, of itself and without adjust- 
ment for the purpose, gives us the rule and reason of a 
class of facts not contemplated in its construction, we 
have a criterion of its reality, which has never yet 
been produced in favour of falsehood. 

12. In the preceding Article I have spoken of the 
hypothesis with which we compare our facts as being 
framed all at once, each of its parts being included in 
the original scheme. In reality, however, it often hap- 
pens that the various suppositions which our system 
contains are added upon occasion of diflTerent re- 
searches. Thus in the Ptolemaic doctrine of the hea- 
vens, new epicycles and eccentrics were added as new 
inequalities of the motions of the heavenly bodies were 
discovered; and in the Newtonian doctrine of mate- 
rial rays of light, the supposition that these rays had 
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' fits,' was added to explain the colours of thin plates; 
and the supposition that they had * sides* was intro- 
duced on occasion of the phenomena of polarization. 
In like manner other theories have been built up of 
parts devised at different times. 

This being the mode in which theories are often 
framed, we have to notice a distinction which is found 
to prevail in the progress of true and feilse theories. 
In the former class all the additional suppositions tend 
to simplicity and harmony; the new suppositions re- 
solve themselves into the old ones, or at least require 
only some easy modification of the hypothesis first 
assumed: the system becomes more coherent as it is 
further extended. The elements which we require for 
explaining a new class of facts are already contained 
in our system. Different members of the theory run 
together, and we have thus a constant convergence to 
iinity. In false theories, the contrary is the case. The 
new suppositions are something altogether additional ; 
— ^not suggested by the origin^ scheme ; perhaps diffi- 
cult to reconcile with it. Every such addition adds to 
the complexity of the hypothetical system, which at 
last becomes unmanageable, and is compelled to sur- 
render its place to some simpler explanation. 

Such a false theory, for example, was the ancient 
doctrine of eccentrics and epicycles. It explained the 
general succession of the Places of the Sun, Moon, 
and Planets; it would not have explained the pro- 
portion of their Magnitudes at different times, if these 
cotdd have been accurately observed; but this the an- 
cient astronomers were unable to do. When, however, 
Tycho and other astronomers came to be able to ob- 
serve the planets accurately in all positions, it was 
found that no combination of eguahle circular motions 
would exactly represent all the observations. We may 
see, in Kepler's works, the many new modifications of 
the epicycUcal hypothesis which offered themselves to 
him; some of which would have agreed with the phe- 
nomena with a certain degree of accuracy, but not with 
so great a degree as Kepler, fortunately for the pro- 
gress of science, insisted upon obtaining. After these 
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epicycles had been thus accumulated, they all dis- 
appeared and gave way to the simpler conception of an 
elliptical motion. In like manner, the discovery of new 
inequalities in the Moon's motions encumbered her 
system more and more with new machinery, which was 
at last rejected all at once in favour of the elliptical 
theory. Astronomers could not but suppose them- 
selves in a wi'ong path, when the prospect grew darker 
and more entangled at every step. 

Again; the Cartesian system of Vortices might be 
said to explain the primary phenomena of the revolu- 
tions of planets about the sun, and satellites about 
planets. But the elliptical form of the orbits required 
new suppositions. Bernoulli ascribed this curve to the 
shape of the planet, operating on the stream of the 
vortex in a manner similar to the rudder of a boat. 
But then the motions of the aphelia, and of the nodes, 
— ^the perturbations,— even the action of gravity to- 
wards the earth, — could not be accounted for without 
new and independent suppositions. Here was none of 
the simplicity of trutL The theory of Gravitation, 
on the other hand, became more simple as the facts to 
be explained became more numerous. The attraction 
of the sun accounted for the motions of the planets; 
the attraction of the planets was the cause of the mo- 
tion of the satellites. But this being assumed, the 
perturbations, and the motions of the nodes and aphelia, 
only made it requisite to extend the attraction of the 
sun to the satellites, and that of the planets to each 
other: — ^the tides, the spheroidal form of the earth, 
the precession, still required nothing more than that 
the moon and sun should attract the parts of the earth, 
and that these should attract each other; — ^so that 
all the suppositions resolved themselves into the single 
one, of the universal gravitation of all matter. It is 
difficult to imagine a more convincing manifestation of 
simplicity and uniiy. 

Again, to take an example from another science; — 
the doctrine of Phlogiston brought together many facts 
in a very plausible manner,— combustion, acidification, 
and others, — ^and very naturally prevailed for a while. 
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But the balance came to be used in chemical opera- 
tions^ and the fkcis of weight as well as of combination 
were to be accounted for. On the phlogistic theory, it 
appeared that this could not be done without a new 
supposition, and thcU, a very strange one; — ^that phlo- 
giston was an element not only not heavy, but ab- 
solutely light, so that it diminished the weight of the 
compounds into which it entered. Some chemists for a 
time adopted this extravagant view; but the wiser of 
them saw, in the necessity of such a supposition to the 
defence of the theory, an evidence that the hypothesis 
of an element phlogiston was erroneous. And the 
opposite hypothesis, which taught that oxygen was 
subtracted, and not phlogiston added, was accepted 
because it required no such novel and inadmissible 
assumption. 

Again, we find the same evidence of truth in the 
progress of the Undulatory Theory of light, in the 
course of its application from one class of facts to an- 
other. Thus we explain Reflection and Refraction by 
imdulations; when we come to Thin Plates, the requi- 
site 'fits' are already involved in our fundamental 
hypothesis, for they are the length of an imdulation : 
the phenomena of Diffraction sdso require such inter- 
vals; and the intervals thus required agree exactly 
with the others in magnitude, so that no new property 
is needed. Polarization for a moment appears to re- 
quire some new hypothesis; yet this is hardly the case ; 
for the direction of our vibrations is hitherto arbitrary : 
—we allow polarization to decide it, and we suppose 
the undulations to be transverse. Having done this 
for the sake of Polarization, we turn to the phenomena 
of Double Refraction, and inquire what new h3rpothesis 
they require. But the answer is, that they require 
none : the supposition of transverse vibrations, which 
we have made in order to explain Polarization, gives 
us also the law of Double Refraction. Truth may give 
•rise to such a coincidence; falsehood cannot. Again, 
the fects of Dipolarization come into view. But they 
hardly require any new assumption; for the difforence 
of optical elasticity of crystals in different directions. 



Digitized 



by Google 



94 CONSTRUCTION OF SCIENCE, 

which is already assumed in uniaxal crystals^^, is ex- 
tended to biaxal exactly according to the law of sym- 
metry; and this being done, the laws of the pheno- 
mena^ curious and complex as they are, are folly 
explained. The phenomena of Circular Polarization 
by internal reflection, instead of requiring a new hypo- 
thesis, are found to be given by an interpretation of 
an apparently inexplicable resulfc of an old hypothesis. 
The Circular Polarization of Quartz and its Double 
Refraction does indeed appear to require a new assump- 
tion, but still not one which at all disturbs the form 
of the theory; and in short, the whole history of this 
theory is a progress, constant and steady, often striking 
and startling, from one degree of evidence and consist- 
ence to another of a higher order. 

In the Emission Theory, on the other hand, as in 
the theory of solid epicycles, we see what we may 
consider as the natural course of things in the career 
of a false theory. Such a theory may, to a certain 
extent, explain the phenomena which it was at first 
contrived to meet ; but every new class of fiicts requires 
a new supposition — an addition to the machinery : and 
as observation goes on, these incoherent appendages 
accumulate, till they overwhelm and upset the original 
frame-work. Such has been the hypothesis of the 
Material Emission of light. In its original form, it 
explained Reflection and Refraction: but the colours 
of Thin Plates added to it the Fits of easy Transmis- 
sion and Reflection; the phenomena of Diffiuction 
fuii;her invested the emitted particles with complex 
laws of Attraction and Repulsion; Polarization gave 
them Sides: Double Refraction subjected them to 
peculiar Forces emanating from the axes of the crystal : 
finally, Dipolarization loaded them with the complex 
and unconnected contrivance of Moveable Polarization : 
and even when all this had been done, additional 
mechanism was wanting. There is here no unexpected 
success, no happy coincidence, no convergence of prin- 
ciples frt)m remote quarters. The philosopher builds 
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the machine^ but its parts do not fit. They hold 
together only while he presses them. This is not the 
character of truth. 

As another example of the application of the Maxim 
now under consideration, I may perhaps be allowed to 
refer to the judgment which, in the History of Ther- 
motics, I have ventured to give respecting Laplace's 
Theory of Gases. I have stated ^'^, that we cannot help 
forming an unfavourable judgment of this theory, by 
looking for that great characteristic of true theory; 
namely, that the hypotheses which were assumed to 
account for one class of facts are found to explain 
another class of a different nature. Thus Laplace's first 
suppositions explain the connexion of Compression 
with Density, (the law of Boyle and Mariotte,) and 
the connexion of Elasticity with Heat, (the law of 
Dalton and Gay Lussac). But the theory requires 
other assumptions when we come to Latent Heat ; and 
yet these new assumptions produce no effect upon the 
calculations in any application of the theory, When 
the hypothesis, constructed with reference to the Elas- 
ticity and Temperature, is applied to another class of 
facts, those of Latent Heat, we have no Simplification 
of the Hypothesis, and therefore no evidence of the 
truth of the theory. 

13. The last two sections of this chapter direct our 
attention to two circumstances, which tend to prove, in 
a manner which we may term irresistible, the truth of 
the theories which they characterize : — ^the Consilience 
of Inductions from (Cerent and separate classes of 
fects j — and the progressive Simplijication of the Theory 
as it is extended to new cases. These two Characters 
are, in fact, hardly different ; they are exemplified by 
the same cases. For if these Inductions, collected from 
one class of fects, supply an unexpected explanation of 
ar new class, which is the case first spoken of, there 
will be no need for new machinery in the hypothesis 
to apply it to the newly-contemplated facts; and thus, 
we have a case in which the system does not become 
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more complex when its application is extended to a 
wider field, which was the character of true theory 
in its second aspect. The Consiliences of our Induc- 
tions give rise to a constant Convergence of our Theory 
towards Simplicity and Unity. 

But, moreover, both these cases of the extension of 
the theory, without difficulty or new suppositions, to a 
wider range and to new classes of phenomena, may be 
conveniently considered in yet another point of view ; 
namely, as successive steps by which we gradually 
ascend in our speculative views to a higher and higher 
point of generality. For when the theory, either by 
the concurrence of two indications, or by an extension 
without complication, has included a new range of 
phenomena, we have, in fact, a new induction of a 
more general kind, to which the inductions formerly 
obtained are subordinate, as particular cases to a gene- 
ral proposition. We have in such examples, in short, 
an instance of successive generalization. This is a sub- 
ject of great importance, and deserving of being well 
illustrated ; it will come under our notice in the next 
chapter. 
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Of the Logic op Induction. 



Aphorism XVII. 

The Logic of Induction eonaists in stating the Facts and 
the Inference in such a manner , that the Evidence of the In- 
ference is manifest ; just as the Logic of Deduction consists* 
in stating the Premises and the Conchbsion in siich a manner 
that (he Evidence of the Conclttsion is manifest. 

Aphorism XVIIL 

The Logic of Deduction is exhibited by means of a certain 
Formula; namdy, a Syllogisms and every train of deductive 
reasoning, to he demonstrative, must he capahle of resolution 
into a series of such Formulas legitimately constructed. In 
like manner, the Logic of Induction may he exhibited by 
means of certain Formulse ; and every train of inductive in- 
ference, to be sound, must be capable of resolution into a 
scheme of su^h Formulce, legitimately constructed. 

Aphorism XIX. 

The inductive act of thought by which several Facts are 
colligated into one Proposition, may be expressed by saying: 
The several Facts are exactly expressed as one Fact, if, 
and only if, we adopt the Conceptions and the Assertion 
of the Proposition. 

Aphorism XX. 

The One Fact, thus inductively obtained from several 
Facts, may be combined with otJier Facts, and colligated 
with them by a new act of Induction, This process may be 
NOV. ORG. 7 
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indefinkdt; repeated: and these stAcceseive processes are the 
Steps of Induction^ or o/" Generalization, /rom the lowest to 
the highest* 

Aphorism XXI. 

The relation of the successive Steps of Induction may he 
exhibited 6y means of an Inductive Table, in which the 
several Facts are indicated^ and tied together hy a Bracket^ 
and the Inductive Inference placed on the other side of the 
Bracket; and this arrangement repeated^ so as to form a 
genealogical Table of each Induction^ from the lowest to tfte 
highest, 

• Aphorism XXII. 

The Logic of Induction is the Criterion of Truth inferred 
from Facts, as the Logic of Deduction is the Criterion of 
Truth deduced from necessary Principles, The Inductive 
Table enables us to apply such a Criterion; for we can dc 
termine whether each Induction is verified and justified by 
the Facts which its Bracket includes; and if each induction 
in particular be sound, the highest, which merely combines 
them all, must necessarily be sound also. 

Aphorism XXIII. 

Uie distinction of Fact and Theory is only relative. 
Events and phenomena, considered as Particulars which may 
be colligated by Induction, are Facts; considered as Generali" 
ties already obtained by colligation of other Facts, they are 
Theories. The same event or pTienomenon is a Fact or a 
Theory, according as it is considered as standing on one side 
or the other of the Inductive Bracket. 

1. npHE sulxject to which the present chapter refers 
X is described by phrases which are at the present 
day fiimiliarly used in speaking of the progress of 
knowledge. We hear very frequent mention of as- 
cending from particular to general propositions, and 
from these to propositions still more general; — of 
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truths included in other truths of a higher degree of 
generality; — of different stages of generalization; — 
and of the highest step of the process of discovery, to 
which all others are subordinate and preparatory. As 
these expressions, so familiar to our ears, especially 
since the time of Francis Bacon, denote, very signifi- 
cantly, processes and relations which are of great im- 
portance in the formation of science, it is necessary for 
us to give a clear account of them, illustrated with 
general exemplifications; and this we shall endeavour 
to do. 

We have, indeed, already explained that science con- 
sists of Propositions which include the Facts fix)m which 
they were collected ; and other wider Propositions, col- ' 
lected in like manner from the former, and including 
them. Thus, that the stars, the moon, the sun, rise, 
culminate, and set, are facts included in the proposition 
that the heavens, carrying with them all the celestial 
bodies, have a diurnal revolution about the axis of the 
earth. Again, the observed monthly motions of the 
moon, and the annual motions of the sun, are included 
in certain propositions concerning the movements of 
those luminaries with respect to the stars. But all 
these propositions are really incliided in the doctrine 
that the earth, revolving on its axis, moves round the 
sun, and the moon round the eartL These move- 
ments, again, considered as facts, are explained and 
included in the statement of the forces which the earth 
exerts upon the moon, and the sun upon the earth. 
Again, this doctrine of the forces of these three bodies 
is included in the assertion, that all the bodies of the 
solar system, and all parts of matter, exert forces, each 
upon eacL And we might easily show that all the 
leading facts in astronomy are comprehended in the 
same generalization. In like manner with regard to 
any other science, so far as its truths have been well 
established and fiilly developed, we might show that it 
consists of a gradation of propositions, proceeding from 
the most special facts to the most general theoretical 
assertions. We shall exhibit this gradation in some of 
the principal branches of science. 

7 — 2 
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2. This gradation of truths, successively included 
in other truths, may be conveniently represented by 
Tables resembling the genealogical tables by which the 
derivation of descendants from a common ancestor is 
exhibited ; except that it is proper in this case to in- 
vert the form of the Table, and to make it converge to 
unity downwards instead of upwards, since it has for 
its purpose to express, not the derivation of many from 
one, but the collection of one truth from many things. 
Two or more co-ordinate facts or propositions may be 
ranged side by side, and joined by some mark of con- 
nexion, (a bracket, as ^-^v— ^ or ^ ',) beneath 

which may be placed the more general proposition 
which is collected by induction from the former. Again, 
propositions co-ordinate with this more general one 
may be placed on a level with it; and the combination 
of these, and the result of the combination, may be 
indicated by brackets in the same manner ; and so on, 
through any number of gradations. By this means 
the streams of knowledge from various classes of facts 
wiir constantly run together into a smaller and smaller 
number of channels; like the confluent rivulets of a 
great river, coming together from many sources, uniting 
their ramifications so as to form larger branches, these 
again uniting in a single trunk. The genealogical tree 
of each great portion of science, thus formed, will 
contain all the leading truths of the science arranged 
in their due co-ordination and subordination. Such 
Tables, constructed for the sciences of Astronomy and 
of Optics, will be given at the end of this chapter. 

3, The union of co-ordinate propositions into a pro- 
position of a higher order, which occurs in this Tree of 
Science wherever two twigs unite in one branch, is, in 
each case, an example of Induction. The single pro- 
position is collected by the process of induction from 
its several members. But here we may observe, that 
the image of a mere union of the parts at each of these 
points, which the figure of a tree or a river presents, is 
very inadequate to convey the true state of the case ; 
for in Induction, as we have seen, besides mere collec- 
tion of particulars, there is always a new conception^ a 
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principle of connexion and unity, supplied by the 
mind, and superinduced upon the particulars. There 
is not merely a juxta-position of materials, by which 
the new proposition contains all that its component 
parts contained; but also a formative act exerted by 
the understanding, so that these materials are cod- 
tained in a new shape. We must remember, there- 
fore, that our Inductive Tables, although they repre- 
sent the elements and the order of these inductive 
steps, do not fully represent the whole signification of 
the process in each case. 

4. The principal features of the progress of science 
spoken of in the last chapter are clearly exhibited in 
these Tables; namely, the Consilience of Inductions, 
and the constant Tendency to Simplicity observable in 
true theories. Indeed in all cases in which, from pro- 
positions of considerable generality, propositions of a 
still higher degree are obtained, there is a convergence 
of inductions; and if in one of the lines which thus 
converge, the steps be rapidly and suddenly made in 
order to meet the other line, we may consider that we 
have an example of Consilience. Thus when Kewton 
had collected, from Kepler's Laws, the Central Force of 
the sun, and from these, combined with other facts, 
the Universal Force of all the heaveuly bodies, he 
suddenly turned round to include in his generalization 
the Precession of the Equinoxes, which he declared to 
arise from the attraction of the sun and moon upon 
the protuberant part of the terrestrial spheroid. The 
apparent remoteness of this fact, in its nature, from the 
other facts with which he thus associated it, causes this 
part of his reasoning to strike us as a remarkable ex- 
ample of Consilience, Accordingly, in the Table of 
Astronomy we find that the columns which contain 
the facts and theories relative to the sun and planets, 
after exhibiting several stages of induction within 
themselves, are at length suddenly connected with 
a column till then quite distinct, containing the pre- 
cession of the equinoxes. In like manner, in the Table 
of Optics, the columns which contain the facts and 
theories relative to double refraction, and those which 
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include polarization by crystals, each go separately 
through several stages of induction; and then these 
two sets of columns are suddenly connected by Fres- 
nel's mathematical induction, that double refraction and 
polarization arise from the same cause : thus exhibit- 
ing a remarkable Consilience, 

5. The constant Tendency to Simplicity in the 
sciences of which the progress is thus represented, 
appears from the form of the Table itself; for the 
single trunk into which all the branches converge, 
contains in itself the substance of all the propositions 
by means of which this last generalization was arrived 
at. It is true, that this ultimate result is sometimes 
not so simple as in the Table it appears : for instance, 
the ultimate generalization of the Table exhibiting the 
progress of Physical Optics, — ^namely, that Light con- 
sists in Undulations, — ^must be understood as includ- 
ing some other hypotheses; as, that the undulations 
are transverse, that the ether through which they are 
propagated has its elasticity ip crystals and other 
transparent bodies regulated by certain laws ; and the 
like. Yet still, even acknowledging all the complica- 
tion thus implied, the Table in question evidences 
clearly enough the constant advance towards unity, 
consistency, and simplicity, which have marked the 
progress of this Theory. The same is the case in the 
Inductive Table of Astronomy in a still greater 
degree. 

6. These Tables naturally afford the opportunity of 
assigning to each of the distinct steps of which the 
progress of science consists, the name of the dis- 
coverer to whom it is due. Every one of the inductive 
processes which the brackets of our Tables mark, 
directs our attention to some person by whom the in- 
duction was first distinctly made. These names I 
have endeavoured to put in their due places in the 
Tables ; and the Inductive Tree of our knowledge in 
each science becomes, in this way, an exhibition of the 
claims of each discoverer to distinction, and, as it 
were, a Genealogical Tree of scientific nobility. It is 
by no means pretended that such a tree includes the 
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names of all the meritorious labourers in each depart- 
ment of science. Many persons are most usefully- 
employed in collecting and verifying truths, who do 
not advance to any new truths. The labours of a 
number of such are included in each stage of our 
ascent. But such Tables as we have now before us 
will present to us the names of all the most eminent 
discoverers : for the main steps of which the progress 
of science consists, are transitions from more particu- 
lar to more general truths, and must therefore be 
rightly given by these Tables; and those must be the 
greatest names in science to whom the principal events 
of its advance are thus due. 

7. The Tables, as we have presented them, exhibit 
the course by which we pass from Particular to General 
through various gradations, and so to the most general. 
They display the order of discovery. But by reading 
them in an inverted manner, beginning at the single 
comprehensive truths with which the Tables end, and 
tracing these back into the more partial truths, and 
these again into special fSwts, they answer another 
purpose; — ^they exhibit the process of verificcUion of 
discoveries once made. For each of our general pro- 
positions is true in virtue of the truth of the nan'ower 
propositions which it involves; and we cannot satisfy 
ourselves of its truth in any other way than by ascer- 
taining that these its constituent elements are true. 
To assure ourselves that the sun attracts the planets 
with forces varying inversely as the square of the dis- 
tance, we must analyse by geometry the motion of a 
body in an ellipse about the focus, so as to see that such 
a motion does imply such a force. We must also verify 
those calculations by which the observed places of each 
planet are stated to be included in an ellipse. These cal- 
culations involve assumptions respecting the path which 
the earth describes about the sun, which assimiptions 
must again be verified by reference to observation. And 
thus, proceeding from step to step, we resolve the most 
general truths into their constituent parts; and these 
again into their parts; and by testing, at each step, both 
the reality of the asserted ingredients and the propriety 
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of the conjunction, we establish the whole system of 
truths, however wide and Tarious it may be. 

8. It is a very great advantage, in such a mode of 
exhibiting scientific truths, that it resolves the verifi- 
cation of the most complex and comprehensive theories, 
into a number of small steps, of which almost any one 
falls within the reach of common talents and industry. 
That if the particulars of any one step be true, the 
generalization also is true, any person with a mind 
properly disciplined may satisfy himself by a little 
study. That each of these particular propositions i« 
true, may be ascertained, by the same kind of atten« 
tion, when this proposition is resolved into its consti* 
tuent and more special propositions. And thus we 
may proceed, till the most general truth is broken up 
into small and manageable portions. Of these por- 
tions, each may appear by itself narrow and easy ; and 
yet fchey are so woven together, by hypothesis and con* 
junction, that the truth of the parts necessarily assures 
us of the truth of the whole. The verification is of 
the same nature as the verification of a large and com- 
plex statement of great sums received by a mercantile 
office on various accounts from many quarters. The 
statement is separated into certain comprehensive heads, 
and these into others less extensive ; and these again 
into smaller collections of separate articles, each of 
which can be inquired into and reported on by separate 
persons. And thus at last, the mere addition of 
numbers performed by these various persons, and the 
summation of the results which they obtain, executed 
by other accountants, is a complete and entire security 
that there is no errour in the whole of the process. 

9. This comparison of the process by which we 
verify scientific truth to the process of Book-keeping 
in a large commercial establishment, may appear to 
some persons not sufficiently dignified for the subject. 
But, in fact, the possibility of giving this formal and 
business-like aspect to the evidence of science, as in- 
volved in the process of successive generalization, is an 
inestimable advantage. For if no one could pronounce 
concerning a wide and profound theory except he who 
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could at once embrace in his mind the whole range of 
inference, extending from the special facts up to the 
most general principles, none but the greatest geniuses 
would be entitled to judge concerning the truth or 
errour of scientific discoveries. But, in reality, we 
seldom need to verify more than one or two steps of 
such discoveries at one time; and this may commonly 
be done (when the discoveries have been fully esta- 
blished and developed,) by any one who brings to the 
task clear conceptions and steady attention. The pro- 
gress of science is gradual : the discoveries which are 
successively made, are also verified successively. We 
have never any very large collections of them on our 
hands at once. The doubts and uncertainties of any 
one who has studied science with care and perseverance 
are generally confined to a few points. If he can 
satisfy himself upon these, he has no misgivings re- 
specting the rest of the structure; which has indeed 
been repeatedly verified by other persons in like man- 
ner. The fact that science is capable of being resolved 
into separate processes of verification, is that which 
renders it possible to form a great body of scientific 
truth, by adding together a vast number of truths, of 
which many men, at various times and by multiplied 
efforts, have satisfied themselves. The treasury of 
Science is constantly rich and abundant, because it 
accumulates the wealth which is thus gathered by so 
many, and reckoned over by so many more : and the 
dignity of Knowledge is no more lowered by the mul- 
tiplicity of the tasks on which her servants are em- 
ployed, and the narrow field of labour to which some 
conQne themselves, than the rich merchant is degraded 
by the number of offices which it is necessary for him 
to maintain, and the minute articles of which he re- 
quires an exact statement from his accountants. 

10. The analysis of doctrines inductively obtained, 
into their constituent facts, and the arrangement of 
them in such a form that the conclusiveness of the in- 
duction may be distinctly seen, may be termed th^ 
Logic of Induction, (Hy Logic has generally been 
meant a system which^iie^hes us so to arrange our 
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reasonings that their truth or felsehood shall be evi- 
dent in their form. In deductive reasonings, in which 
the general principles are assumed, and the question is 
concerning their application and combination in parti- 
cular cases, the device which thus enables us to judge 
whether our reasonings are conclusive is the Syllogism; 
and this form, along with the rules which belong to it, 
does in fact supply us with a criterion of deductive or 
demonstrative reasoning. The Inckbctive Table, such 
as it is presented in the present chapter, in like manner 
supplies the means of ascertaining the truth of our 
mductive inferences, so far as the form in which our 
reasoning may be stated can afford such a criterion. Of 
course some care is requisite in order to reduce a train 
of demonstration into the form of a series of syllogisms ; 
and certainly not less thought and attention are re- 
quired for resolving all the main doctrines of any great 
department of science into a graduated table of co- 
ordinate and subordinate inductions. But in each 
case, when this task is once executed, the evidence or 
want of evidence of our conclusions appears immedi- 
ately in a most luminous manner. In each step of 
induction, our Table enumerates the particular facts, 
and states the general theoretical truth which includes 
these and which these constitute. The special act of 
attention by which we satisfy ourselves that the facts 
are so included, — ^that the general truth is so consti- 
tuted, — then affords little room for errour, with 
moderate attention and clearness of thought. 

II. We may find an example of this axit of oitten" 
Hon thus required, at any one of the steps of induction 
in our Tables; for instance, at the step in the early 
progress of astronomy at which it was inferred, that 
the earth is a globe, and that the sphere of the heavens 
(relatively) perfonns a diurnal revolution round this 
globe of the earth. How was this established in the be- 
lief of the Greeks, and how is it fixed in our conviction? 
As to the globular form, we find that as we travel to 
the north, the apparent pole of the heavenly motions, 
and the constellations which are near it, seem to mount 
higher, and as we proceed southwards they descend. 
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Again, if we proceed from two different points consi- 
derably to the east and west of each other, and travel 
directly northwards from each, as from the south of 
Spain to the north of Scotland, and from Greece to 
Scandinaviay these two north and south lines will be 
much nearer to each other in their northern than in 
their southern parts. These and similar facts, as soon 
as they are clearly estimated and connected in the 
mind, are seen to be consistent with a convex surface of 
the earth, and with no other ; and this notion is further 
confirmed by observing that the boundary of the earth's 
shadow upon the moon is always circular; it being 
supposed to be already established that the moon re- 
ceives her light from the sun, and that lunar eclipses 
are caused by the interposition of the earth. As for 
the assertion of the (relative) diurnal revolution of the 
starry sphere, it is merely putting the visible phenomena 
in an exact geometrical form : and thus we establish and 
verify the doctrine of the revolution of the sphere of 
the heavens about the globe of the earth, by contem- 
platiQg it so as to see that it does really and exactly 
include the particular facts from which it is collected. 

We may, in like manner, illustrate this mode of 
verification by any of the other steps of the same Tabla 
Thus if we take the great Induction of Copernicus, the 
heliocentric scheme of the solar system, we find it in the 
Table exhibited as including and explaining, Jirst, the 
diurnal revolution just spoken of; second^ the motions 
of the moon among the fixed stars; third, the motions 
of the planets with reference to the fixed stars and the 
swu; fourth, the motion of the sun in the ecliptic. 
And the scheme being clearly conceived, we see that all 
the particular facts are faitkfiilly represented by it; 
and this agreement, along with the simplicity of the 
scheme, in which respect it is so far superior to any 
other conception of the solar system, persuade us that 
it is really the plan of nature. 

In exactly the same way, if we attend to any of the 
several remarkable discoveries of Newton, which form 
the principal steps in the latter part of the Table, as 
for instance^ the proposition that the sun attracts all 
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the planets with a force which varies inversely as the 
square of the distance, we find it proved by its includ- 
ing three other propositions previously established; — 
Jvrat, that the sun's mean force on different planets 
follows the specified variation (which is proved from 
Kepler's third law); second^ that the force by which 
each planet is acted upon in different parts of its orbit 
tends to the sun (which is proved by the equable de- 
scription of areas); thvrdy that this force in different 
parts of the same orbit is also inversely as the square 
of the distance (which is proved from the elliptical 
form of the orbit). And the Newtonian generaliza- 
tion, when its consequences are mathematically traced, 
is seen to agree with each of these particular proposi- 
tions, and thus is fully established. 

12. But when we say that the more general propo- 
sition includes the several more particular ones, we 
must recollect what has before been said, that these 
particulars form the general truth, not by being merely 
enumerated and added together, but by being seen in a 
new light. No mere verbal recitation of the particu- 
lars can decide whether the general proposition is true; 
a special act of thought is requisite in order to deter- 
mine how truly each is included in the supposed in- 
duction. In this respect the Inductive Table is not 
like a mere schedule of accounts, where the rightness 
of each part of the reckoning is tested by mere addi- 
tion of the particulars. On the contrary, the Inductive 
truth is never the mere sum of the facts. It is made 
into something more by the introduction of a new 
mental element; and the mind, in order to be able to 
supply this element, must have peculiar endowments 
and discipline. Thus looking back at the instances 
noticed in the last article, how are we to see that a 
convex surface of the earth is necessarily implied by 
the convergence of meridians towards the north, or by 
the visible descent of the north pole of the heavens as 
we travel south ? Manifestly the student, in order to 
see this, must have clear conceptions of the relations 
of space, either naturally inherent in his mind, or 
established there by geometrical cultivation, — ^by study- 
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ing the properties of circles and spheres. When he 
is so prepared, he will feel the force of the expressions 
we have used, that the facts just mentioned are seen to 
be consistent with a globular form of the earth ; but 
without such aptitude he will not see this consistency : 
and if this be so, the mere assertion of it in words 
will not avail him in satisfying himself of the truth of 
the proposition. 

In like manner, in order to perceive the force of the 
Copemican induction, the student must have his mind 
so disciplined by geometrical studies, or otherwise, that 
he sees clearly how absolute motion and relative motion 
Would alike produce apparent motion. He must have 
leamt to east away all prejudices arising from the seem- 
ing fixity of the earth; and then he will see that there 
is nothing which stands in the way of the induction, 
while there is much which is on its side. And in the 
same manner the Newtonian induction of the law of 
the sun*s force from the elliptical form of the orbit, 
will be evidently satisfactory to him only who has such 
an insight into Mechanics as to see that a curvilinear 
path must arise from a constantly deflecting force; 
and who is able to follow the steps of geometrical 
reasoning by which, from the properties of the ellipse, 
Newton proves this deflection to be in the proportion 
in which he asserts the force to be. And thus in all 
cases the inductive truth must indeed be verified by 
comparing it with i^e particular facts; but then this 
comparison is possible for him only whose mind is 
properly disciplined and prepared in the use of those 
conceptions, which, in addition to the facts, the act of 
induction requires. 

13. In the Tables some indication is given, at 
several of the steps, of the act which the mind must 
thus perform, besides the mere conjunction of facts, in 
order to attain to the inductive trutL Thus in the 
cases of the Newtonian inductions just spoken of, the 
inferences are stated to be made 'By Mechanics;' 
and in the case of the Copemican induction, it is said 
that, ' By the nature of motion, the apparent motion is 
the same, whether the heavens or the earth have a 
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diurnal motion; and the latter is more simple.' But 
these verbal statements are to be understood as mere 
hints* : they cannot supersede the necessity of the stu- 
dent's contemplating for himself the mechanical prin- 
ciples and the nature of motion thus referred to. 

14. In the common or Syllogistic Logic, a certain 
Formula of language is used in stating the reasoning, 
and is useful in enabling us more readily to apply the 
Criterion of Form to alleged demonstrations. This 
formula is the usual Syllogism; with its members, 
Major Premiss, Minor Premiss, and Conclusion. It 
may naturally be asked whether in Inductive Logic 
there is any such Formida? whether there is ally 
standard form of words in which we may most pro- 
perly express the inference of a general truth from 
particular feicts ? 

At first it might be supposed that the formula of 
Inductive Logic need only be of this kind : * These 
particidars, and all known particulars of the same 
kind, are exactly included in the following general 
proposition.' But a moment's reflection on what has 
just been said will show us that this is not sufficient : 
for the particulars are not merely included in the 
general proposition. It is not enough that they apper- 
tain to it by enumeration. It is, for instance, no ade- 
quate example of Induction to say, * Mercury describes 
an elliptical path, so does Venus, so do the Earth, 
Mars, Jupiter, Saturn, Uranus; therefore all the 
Planets describe elliptical paths.' This is, as we have 
seen, the mode of stating the evidence when the propo- 
sition is once suggested; but the Inductive step con- 
sists in the suggestion of a conception not before 
apparent. When Kepler, after trying to connect the 
observed places of the planet Mars in many other 
ways, found at last that the conception of an ellipse 
would include them all, he obtained a truth by induc- 
tion: for this conclusion was not obviously included 
in the phenomena, and had not been applied to these 



1 In the Inductive Tables they are marked by an asterisk. 
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facts previously. Thus in our Formula, besides stating 
that the particulars are included in the general propo- 
sition, we must also imply that the generality is consti- 
tuted by a new Conception, — ^new at least in its 
application. 

Hence our Inductive Formula might be something 
like the following : * These particulars, and all known i: 
particulars of the same kind, are exactly expressed by 
adopting the Conceptions and Statement of the follow- 
ing Proposition.' It is of course requisite that the 
Conceptions should be perfectly clear, and should pre- 
cisely embrace the facts, according to the explanation ' 
we have already given of those conditions. 

15. It may happen, as we have already stated, that 
the Explication of a Conception, by which it acquires 
its due distinctness, leads to a Definition, which Defi- 
nition may be taken as the summary and total result 
of the intellectual efforts to which this distinctness is 
dua In such cases, the Formula of Induction may be 
modified according to this condition ; and we may state 
the inference by saying, after an enumeration and 
analysis of the appropriate facts, * These &cts are 
completely and distinctly expressed by adopting the 
following Definition and Proposition.' 

This Formula has been adopted in stating the In- 
ductive Propositions which constitute the basis of the 
science of Mechanics, in a work intitled The Mecha- 
nical Euclid, The fimdamental truths of the subject 
are expressed in Inductive Pai/ra of Assertions, con- 
sisting each of a Definition and a Proposition, such as 
the following : 

Def. — A Uniform Force is that which acting in the 
direction of the body's motion, adds or subtracts equal 
velocities in equal times. 

Prop. — Gravity is a Uniform Force. 

Again, 

Def. — ^Two Motions are compounded when each 
produces its separate effect in a direction parallel to 
itself 

Prop. — ^When any Force acts upon a body in mo- 
tion, the motion which the Force would produce in the 
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body at rest is compounded with the previous motion 
of the body. 

And in like manner in otha: cases. 

In these cases the proposition is, of course, esta^ 
blished, and the definition realized, by an enumeration 
of the facts. And in the case of inferences made in 
such a form, the Definition of the Conception and the 
Assertion of the Truth are both requisite and are cor- 
relative to one another. Each of the two steps con- 
tains the verification and justification of the other. 
The Proposition derives its meaning from the Defini- 
tion ; the Definition derives its reality from the Pro- 
position. If they are separated, the Definition is arbi^ 
trary or empty, the Proposition vague or ambiguous. 

1 6. But it must be observed that neither of the 
preceding Formulae expresses the full cogency of the 
inductive proof. They declare only that the results 
can be clearly explained and rigorously deduced by the 
employment of a certain Definition and a certain Pro- 
position. But in order to make the conclusion demon- 
strative, which in perfect examples of Induction it is, 
we ought to be able to declare that the results can be 
clearly explained and rigorously declared (yrdy by the 
Definition and Proposition which we adopt. And in 
reality, the conviction of the sound inductive reasoner 
does reach to this point. The Mathematician asserts 
the Laws of Motion, seeing clearly that they (or laws 
equivalent to them) afford the only means of clearly 
expressing and deducing the actual fsicts. But this 
conviction, that the inductive inference is not only 
consistent with the facts, but necessary, finds its place 
in the mind gradually, as the contemplation of the 
consequences of the proposition, and the various rela- 
tions of the facts, becomes steady and familiar. It 
is scarcely possible for the student at once to satisfy 
himself that the inference is thus inevitable. And 
when he arrives at this conviction, he sees also, in 
many cases at least, that there may be other ways of 
expressing the substance of the truth established, 
besides that special Proposition which he has under 
his notice. 
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We may, therefore, without impropriety, renounce 
the underteking of conveying in our formula this final ^^ 
conviction of the necessary truth of our inference. We 
may leave it to be thought, without insisting upon say- 
ing it, that in such cases what can be true, ia true. 
But if we wish to express the ultimate significance of 
the Inductive Act of thought, we may take as our 
Formula for the Colligation of Facts by Induction, ij 
this : — ' The several Facts are exactly expressed as one , ^/^ 
Fact if, amd ordy if^ we adopt the Conception and the ' 
Assertion' of the inductive inference. 

17. I have said that the mind must be properly 
disciplined in order that it may see the necessary con- 
nexion between the facts and the general proposition 
in which they are included. And the perception of 
this connexion, though treated as one stq) in our 
inductive inference, may imply many steps of demon- 
strative proof The connexion is this, that the parti- 
cular case is included in the general one, that is, may 
be deduced from it : but this deduction may often 
require many links of reasoning. Thus in the case of 
the inference of the law of the force from the elliptical 
form of the orbit by Newton, the proof that in the 
ellipse the deflection from the tangent is inversely as 
the square of the distance from the focus of the ellipse, 
is a ratiocination consisting of several steps, and in- 
volving several properties of Conic Sections; these pro- 
perties being supposed to be previously established by 
a geometrical system of demonstration on the special 
subject of the Conic Sections. In this and similar 
cases the Induction involves many steps of Deduction. 
And in such cases, although the Inductive Step, the 
Invention of the Conception, is really the most im- 
portant, yet since, when once made, it occupies a. 
&miliar place in men's minds; and since the Deductive 
Demonstration is of considerable length and requires 
intellectual effort to follow it at every step; men often 
admire the deductive part of the proposition, the geo- 
metrical or algebraicsJ demonstration, fex more than 
that part in winch the philosophical merit really resides. 
NOV. OBa. 8 
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1 8. Deductive reasoning is virtually a collection of 
syllogisms, as has already been stated; and in such 
reasoning, the general principles, the Definitions and 
Axioms, necessarily stand at the beginning of the 
demonstration. In an inductive inference, the Defi- 
nitions and Principles are i^Q final result of the reason- 
ing, the ultimate effect of the proof. Hence when an 
Inductive Proposition is to be established by a proof 
involving several steps of demonstrative reasoning, the 
enunciation of the Proposition will contain, explicitly 
or implicitly, principles which the demonstration pro- 
ceeds upon as axioms, but which are really inductive 
inferences. Thus in order to prove that the force 
which retains a planet in an ellipse varies inversely as 
the square of the distance, it is taken for granted that 
the Laws of Motion are true, and that they apply to 
the planets. Yet the doctrine that this is so, as well 
as the law of the force, were established only by this and 
the like demonstrations. The doctrine which is the 
hypothesis of the deductive reasoning, is the inference 
of the inductive process. The special facts which are 
the basis of the inductive inference, are the conclusion 
of the train of deduction. And in this manner the 
deduction establishes the induction. The principle 
which we gather from the facts is true, because the 
facts can be derived from it by rigorous demonstration. 
Induction moves upwards, and deduction downwards, 
on the same stair. 

But still there is a great difference in the character 
of their movements. Deduction descends steadily and 
methodically, step by step: Induction mounts by a 
leap which is out of the reach of method. She bounds 
to the top of the stair at once; and then it is the busi- 
ness of Deduction, by trying each step in order, to 
establish the solidity of her companion's footing. Yet 
these must be processes of the same mind. The In- 
ductive Intellect makes an assertion which is subse- 
quently justified by demonstration; and it shows its 
sagacity, its peculiar character, by enunciating the 
proposition when as yet the demonstration does not 
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exist : but then it shows that it is sagacity, by also 
producing the demonstration. 

It has been said that inductive and deductive reason- 
ing are contrary in their scheme ; that in Deduction 
we infer particular from general truths; while in In- 
duction we infer general from particular : that Deduc- 
tion consists of many steps, in each of which we apply 
known general propositions in particular cases; while 
in Induction we have a single step, in which we pass 
from many particular truths to one general propo- 
sition. And this is truly said; but though contrary 
in their motions, the two are the operation of the same 
mind travelling over the same ground. Deduction is 
a necessary part of Induction. Deduction justifies by 
calculation what Induction had happily guessed. In- 
duction recognizes the ore of truth by its wfeight; 
Deduction confirms the recognition by chemical ana- 
lysis. Every step of Induction must be confirmed by 
rigorous deductive reasoning, followed into such detail 
as the nature and complexi^ of the relations (whether 
of quantity or any other) render requisite. If not so 
justified by the supposed discoverer, it is not In- 
duction. 

19. Such Tabular arrangements of propositions as 
we have constructed may be considered as the Criterion 
of Truth for the doctrines which they include. They 
are the Criterion of Inductive Truth, in the same 
sense in which Syllogistic Demonstration is the Cri- 
terion of Necessary Truth,— -of the certainty of con- 
clusions, depending upon evident First Principles. 
And that such Tables are really a Criterion of the 
truth of the propositions which they contain, will be 
plain by examining their structure. For if the con- 
nexion which the inductive process assumes be ascer- 
tained to be in each case real and true, the assertion of 
the general proposition merely collects together ascer- 
tained truths ; and in like manner each of those more 
particular propositions is true, because it merely ex- 
presses collectively more special foots : so that the most 
general theory is only the assertion of a great body 
of facts, duly classified and subordinated. When we 

8 — 2 



Digitized 



by Google 



Il6 CONSTRUCTION OP SCIENCE. 

assert the truth of theCopa:iiicaii theory of the motions 
of the solar system, or of the Newtoman theory of the 
forces by which they are caused, we merely assert the 
groups of propositions which, in the Table of Astrono- 
mical Induction, are included in these doctrines; and 
ultimately, we may consider ourselves as merely as- 
serting at once so many Facts, and therefore, of course, 
expressing an indisputable tioith. 

2a At any one of these steps of Induction in the 
Table, the inductive proposition is a Theory with re- 
gard to the Facts which it includes, while it is to be 
looked upon as a Fact with respect to the higher gene- 
ralizations in which it is included. In any other 
sense, as was formerly shown, the opposition of Fact 
and Theory is untenable, and leads to endless per- 
plexity and debate. Is it a Fact or a Theory that the 
planet Mars revolves in an Ellipse about the Sun? 
To Kepler, employed in endeavouring to combine the 
separate observations by the Conception of an Ellipse, 
it is a Theory; to Newton, engaged in inferring the 
law of force from a knowledge of the elliptical motion, 
it is a Fact. There are, as we have already seen, no 
special attributes of Theory and Fact which distinguish 
them from one another. Facts are phenomena appre- 
hended by the aid of conceptions and mental acts, as 
Theories also are. We commonly call our observations 
Fa>ct8^ when we apply, without effort or consciousness, 
conceptions perfectly famUiar to us : while we speak of 
Theories, when we have previously contemplated the 
Facts and the connecting Conception separately, and 
have made the connexion by a conscious men^ act. 
The real difference is a difference of relation; as the 
same proposition in a demonstration is the premiss of 
one syllogism and the conclvsion m another; — as the 
same person is a father and a son. Propositions are 
Facts and Theories, according as they stand above or 
below the Inductive Brackets of our Tables. 

21. To obviate mistakes I may remark that the 
terms higher and lower, when used of generalizations, 
are unavoidably represented by their opposites in our 
Inductive Tables. The highest generalization is that 
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which includes all others; and this stands the lowest 
on our page, because, reading downwards, that is the 
place which we last reach. 

There is a distinction of the knowledge acquired by 
Scientific Induction into two kinds, which is so im- 
portant that we shall consider it in the succeeding 
chapter. 
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CHAPTER Vn. 
Of Laws of Phenomena and of Causes. 



Aphobism XXIV. 

Inductive truths are of tu)o kinds. Laws of Phenomena, 
and Theories of Causes. It is necessary to begin in every 
science with the Laws ofPhmomena; hut it is impossible that 
we should he satisfied to stop short of a Theory of Causes. In 
Physical Astronomy, Physical Optics^ Geology, and other 
sciences, we have instances showing that we can make a great 
advance in inquiries after true Theories of Causes. 

I. TN the first attempts at acquiring an exact and 
X connected knowledge of the appearances and ope- 
rations which nature presents, men went no further 
than to learn wha^t takes place, not why it occurs. 
They discovered an Order which the phenomena fol- 
low. Rules which they obey; but they did not come in 
sight of the Powers by which these rules are deter- 
mined, the Causes of which this order is the effect. 
Thus, for example, they found that many of the celes- 
tial motions took place as if the sun and stars were 
carried round by the revolutions of certain celestial 
spheres; but what causes kept these spheres in con- 
stant motion, they were never able to explain. In 
like manner in modem times, Kepler discovered that 
the planets describe ellipses, before Newton explained 
why they select this particular curve, and describe it 
in a particular manner. The laws of reflection, re- 
fraction, dispersion, and other properties of light have 
long been known; the causes of these laws are at 
present under discussion. And the same might be 
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said of many other sciences. The discoveiy of the 
Laws of Fhmom&rm is^ in all cases, the first step in 
exact knowledge ; these Laws may often for a long 
period constitute the whole of our science ; and it is ^ 
always a matter requiring great talents and great ef- v^ 
forts^ to advance to a knowledge of the Gatises of fcho 
phenomena. 

Hence the larger part of our knowledge of nature, 
at least of the certain portion of it, consists of the 
knowledge of the Laws of Phenomena. In Astronomy 
indeed, besides knowing the rules which guide the ap- 
pearances, and resolving them into the real motions 
from which they arise, we can refer these motions to 
the forces which produce them. In Optics, we have 
become acquainted with a vast number of laws by 
which varied and beautiful phenomena are governed; 
and perhaps we may assume, since the evidence of the 
TJndulatory Theory has been so fully developed, that 
we know also the Causes of the Phenomena. But in 
a large class of sciences, while we have learnt many 
Laws of Phenomena, the causes by which these are 
produced are still unknown or disputed. Are we to 
ascribe to the operation of a fluid or fluids, and if so, 
in what manner, the facts of heat, magnetism, elec- 
tricity, galvanism? What are the forces by which the 
elements of chemical compounds are held together? 
What are the forces, of a higher order, as we cannot 
help believing, by which the course of vital action in 
organized bodies is kept upl In these and other cases, 
we have extensive departments of science; but we are 
as yet unable to trace the effects to their causes; and 
our science, so far as it is positive and certain, consists 
entirely of the laws of phenomena. 

2. In those cases in which we have a division of 
the science which teaches us the doctrine of the causes, 
as well as one which states the rules which the effects 
follow, I have, in the History^ distinguished the two 
portions of the science by certain terms. I have thus 
spoken oi Formal Astronomy and Physical Astronomy. 
The latter phrase has long been commonly employed to 
describe that department of Astronomy which deals with 
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those forces by which the heavenly bodies are guided in 
their motions; the former adjective appears well suited 
to describe a collection of rules depen(ting*on those ideas 
of space, time, position, number, which are, as we have 
alrc^y said, the fc/rma of our apprehension of pheno- 
mena. The laws of phenomena may be considered as 
formutcB, expressing results in terms of those ideas. 
In like manner, I have spoken of Formal Optics and 
Physical Optics; the latter division including all 
speculations concerning the machinery by which the 
effects are produced. Formal Acoustics and Physical 
Acoustics may be distinguished in like manner, al- 
though these two portions of science have been a good 
deal mixed together by most of those who have treated 
of them. Formal Thermotics, the knowledge of the 
laws of the phenomena of heat, ought in like manner 
to lead to Physical Thermotics, or the Theory of Heat 
with reference to the cause by which its effects are 
produced; — a branch of science which aa yet can hardly 
be said to exist. 

3. What kinds of cause are we to admit in science? 
Tlds is an important, and by no means an easy ques- 
tion. In order to answer it, we must consider in what 
manner our progress in the knowledge of causes has 
hitherto been made. By far the most conspicuous in- 
stance of success in such researches, is the discovery 
of the causes of the motions of the heavenly bodies. 
In this case, after the formal laws of the motions, — 
their conditions as to space and time, — had become 
known, men were enabled to go a step further; to re- 
duce them to the fitmiliar and general cause of motion 
— ^mechanical force; and to determine the laws which 
this force follows. That this was a step in addition to 
the knowledge previously possessed, and that it was a 
real and peculiar truth, will not be contested. And a 
step in any other subject which should be analogous to 
this in astronomy; — a discovery of causes and forces 
as certain and clear as the discovery of universal gravi- 
tation; — ^would undoubtedly be a vast advance upon 
a body of science consisting only of the laws of phe- 
nomena. 
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4. But althougli physical astronomy may well be 
taken as a standard in estimating the value and mag- 
nitude of the advance from the knowledge of pheno- 
mena to the knowledge of causes; the peculiar features 
of the transition from formal to physical science in 
that subject must not be allowed to lunit too narrowly 
our views of the nature of this transition in other 
cases. We are not, for example, to consider that the 
step which leads us to the knowledge of causes in any 
province of nature must necessarily consist in the dish 
covery of centers of forces, and collections of such cen- 
ters, by which the effects are produced. The discovery 
of the causes of phenomena may imply the detection 
of a fluid by whose undulations, or other operations, 
the results are occasioned. The phenomena of acoustics 
are, we know, produced in this manner by the air; 
and in the cases of Hght, heat, magnetism, and others, 
even if we reject all the theories of such fluids which 
have hitherto been proposed, we still cannot deny that 
such theories are intelligible and possible, as the dis- 
cussions concerning them have shown. Nor can it be 
doubted that if the assumption of such a fluid, in any 
case, were as W(dll evidenced as the doctrine of univer- 
sal gravitation is, it must be considered as a highly 
valuable theory. 

5. But again; not only must we, in aiming at the 
formation of a Causal Section in each Science of Phe- 
nomena, consider Fluids and their various modes of 
operation admissible, as well as centers of mechanical 
force; but we must be prepared, if it be necessary, to 
consider the forces, or powers to which we refer the 
phenomena, under still more general aspects, and in- 
vested with characters different from mere mechanical 
force. For example; the forces by which the chemical 
elements of bodies are bound together, and from which 
arise, both their sensible texture, their crystalline form, 
and their chemical composition, are certainly forces of 
a very different nature from the mere attraction of 
matter according to its mass. The powers of assimila- 
tion and reproduction in plants and animals are obvi- 
ously still more removed from mere mechanism ; yet 
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these powers are not on that account less real, nor a 
less fit and worthy subject of scientific inquiry. 

6. In £Act, these forces — ^mechanical, chemical and 
vita], — as we advance from one to the other, each bring 
into our consideration new characters ; and what these 
characters are, has appeared in the historical survey 
which we made of the Fundamental Ideas of the various 
sciences. It was then shown that the forces by which 
chemical effects are produced necessarily involve the 
Idea of Polarity, — ^they are polar forces; the particles 
tend together in virtue of opposite properties which in 
the combination neutralize each other. Hence, in at- 
tempting to advance to a theory of Causes in chemistry, 
our task is by no means to invent laws of mecluxmcal 
force, and collections of forces, by which the effects 
may be produced. We know beforehand that no such 
attempt can succeed. Our aim must be to conceive 
such new kinds of force, including Polarity among 
their characters, as may best render the results in- 
telligible. 

7. Thus in advancing to a Science of Cause in any 
subject, the labour and the struggle is, not to analyse 
the phenomena according to any preconceived and 
already familiar ideas, but to form distinctly new con- 
ceptions, such as do really carry us to a more intimate 
view of the processes of nature. Thus in the case of 
astronomy, the obstacle which deferred the discovery 
of the true causes from the time of Kepler to that of 
Newton, was the difficulty of taking hold of mechanical 
conceptions and axioms with sufficient clearness and 
steadiness; which, during the whole of that interval, 
mathematicians were learning to do. In the question 
of causation which now lies most immediately in the 
path of science, that of the causes of electrical and 
chemical phenomena, the business of rightly fixing and 
limiting the conception of polarity, is the proper object 
of the efforts of discoverers. Accordingly a large por- 
tion of Mr Faraday's recent labours^ is directed, not to 
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the attempt at discoyering new laws of phenomena, but 
to the task of throwing light upon the conception of 
polarity, and of showing how it must be understood, so 
that it shall include electrical induction and other phe- 
nomena^ which have commonly been ascribed to forces 
acting mechanically at a distance. He is by no means 
content, nor would it answer the ends of science that 
he should be, with stating the results of his experi- 
ments; he is constantly, in eveiy page, pointing out 
the interpretation of his experiments, and showing how 
the conception of Polar Forces enters into this inter- 
pretation. ' I shall/ he says*, ' use every opportunity 
which presents itself of returning to that strong test of 
tniUi, experiment; but,' he adds, *I shall necessarily 
have occasion to speak theoretically, and even hypo- 
thetically.' His hypothesis that electrical inductive ^ 
action always takes place by means of a continuous line 
of polarized particles, and not by attraction and repul- 
sion at a distance, if established, cannot fall to be a 
great step on our way towards a knowledge of causes, 
as well as ph^nomena^ in the subjects under his con- 
sideration. 

8. The process of obtaining new conceptions is, to 
most minds, far more unwelcome than any labour in 
employing old ideas. The effort is indeed painful and 
oppressive; it is feeling in the dark for an object which 
we cannot find. Hence it is not surprising that we 
should far more willingly proceed to seek for new causes 
by applying conceptions borrowed fix)m old ones. Men 
were fajoiiliar with solid frames, and with whirlpools of 
fluid, when they had not learnt to form any clear con- 
ception of attraction at a distance. Hence they at 
firet imagined the heavenly motions to be caused by 
Crystalline Spheres, and by Yortices. At length they 
were taught to conceive Central Forces, and then they 
reduced the solar system to these. But having done 
this, they fancied that all the rest of the machineiy of 
nature must be central forces. We find Newton 
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expressing ibis conviction', and the mathematicians of 
the last century acted upon it very extensively. We 
may especially remark Laplace's labours in this field. 
Having explained, by such forces, the phenomena of 
capillary attraction, he attempted to apply the same 
kind of explanation to the reflection, refhiction, and 
double re&action of light; — ^to the constitution of 
gases ; — ^to the operation of heat. It was soon seen that 
the explanation of refraction was arbitrary, and that 
of double refraction illusory; while polarization entirely 
eluded the grasp of this machinery. Centers of force 
would no longer represent the modes of causation 
which belonged to the phenomena. Polarization re- 
quired some other contrivance, such as the undulatory 
theory supplied. No theory of light can be of any 
avail in which the fundamental idea of Polarity is not 
clearly exhibited. 

9. The sciences of magnetism and electricity have 
given rise to theories in which this relation of polarity 
is exhibited by means of two opposite fluids*; — a 
positive and a negative fluid, or a vitreous and a resin- 
ous, for electricity, and a boreal and an austral fluid 
for magnetism. The hypothesis of such fluids gives 
results agreeing in a remarkable manner with the 
facts and their measures, as Coulomb and others have 
shown. It may be asked how £str we may, in such a 
case, suppose that we have discovered the true cause of 
the phenomena, and whether it is sufficiently proved 
that these fluids really exist. The right answer seems 
to be, that the hypothesis certainly represents the 
truth so far as regards the polar relation of the two 
energies, and the laws of the attractive and repulsive 
forces of the particles in which these energies reside ; 
but that we are not entitled to assume that the vehi- 
cles of these energies possess other attributes of mate- 
rial fluids, or that the forces thus ascribed to the 
particles are the primary elementary forces from which 
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the action origiiiates. We are the more bound to 
place this cautions limit to our acceptance of the Cou- 
lombian theory, since in electricity Faraday has in 
vain endeavoured to bring into view one of the polar 
fluids without the other : whereas such a result ought 
to be possible if there were two separable fluids. The 
impossibility of this separate exhibition of one fluid 
appears to show that the fluids are real only so £sur as 
they are pola/r. And Faraday's view above mentioned, 
according to which the attractions at a distance are 
resolved into the action of lines of polarized particles 
of air, appears still further to show that the concep- 
tions liitherto entertained of electrical forces, according 
to the Coulombian theory, do not penetrate to the real 
and intimate nature of the causation belonging to this 



10. Since it is thus difficult to know when we have 
seized the true cause of the phenomena in any depart- 
ment of science, it may appear to some persons that 
physical inquirers are imprudent and unphilosophical 
in undertaking this Bes^ux^h of Causes; and that it 
would be safer and wiser to confine ourselves to the 
investigation of the laws of phenomena, in which field 
the knowledge which we obtain is definite and certain. 
Hence there have not been wanting those who have 
laid it down as a maxim that ' science must study only 
the laws of phenomena^ and never the mode of produc- 
tion ^' But it is easy to see that such a maxim would 
confine the breadth and depth of scientific inquiries to 
a most scanty and miserable limit. Indeed, such a 
rule would defeat its own object; for the laws of phe- 
nomena, in many cases, cannot be even expressed or 
understood without some hypothesis respecting their 
mode of (H^xluotion. How could the phenomena of 
polarization have been conceived or reasoned upon, 
except by imagining a polar arrangement of particles, 
(»r transverse vibrations, or some equivalent hypothe- 
sis % The doctrines of fits of easy transmission, the doc- 
trine of moveable polarization, and the like, even when 
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erroneous as representing the whole of the phenomena^ 
were still useful in combining some of them into laws; 
and without some such hypotheses the facts could not 
have been followed out Tlie doctrine of a fluid caloric 
may be false; but without imagining such a fluid, how 
could the movement of heat from one part of a body to 
another be conceived ? It may be replied that Fourier, 
Laplace, Poisson, who have principally cultivated the 
Theory of Heat, have not conceived it as a fluid, but 
have referred conduction to the radiation of the mole- 
cules of bodies, which they suppose to be separate points. 
But this molecular constitution of bodies is iteelf an 
assumption of the mode in which the phenomena are 
produced; and the radiation of heat suggests inqidries 
concerning a fluid emanation, no less than its conduc- 
tion does. In like manner, the attempts to connect 
the laws of phenomena of heat and of gases, have led 
to hypotheses respecting the constitution of gases, and 
the combination of their particles with those of caloric, 
which hypotheses may be fidse, but are probably the 
best means of discovering the trutL 

To debar science from inquiries like these, on the 
ground that it is her business to inquire into facts, 
and not to speculate about causes, is a curious example 
of that barren caution which hopes for truth without 
daring to venture upon the quest of it. This temper 
would have stopped with Kepler's discoveries, and 
would have reftised to go on with Newton to inquire 
into the mode in which the phenomena are produced. 
It would have stopped with Newton's optical &cts, 
and would have refused to go on with him and his 
successors to inquire into the mode in which these 
phenomena are produced. And, as we have abundantly 
shown, it would, on that very account, have failed in 
seeing what the phenomena really are. 

In many subjects the attempt to study the laws of 
phenomena, independently of any speculations respect- 
ing the causes which have produced them, is neither 
possible for human intelligence nor for human temper. 
Men cannot contemplate the phenomena without 
clothing them in terms of some hypothesis, and will 
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not be schooled to suppress the questionings which at 
every moment rise up within them concerning the 
causes of the phenomena. Who can attend to the 
appearances which come under the notice of the geolo- 
gist; — strata regularly bedded, full of the remains of 
animals such as now live in the depths of the ocean, 
raised to the tops of mountains, broken, contorted, 
mixed with rocks such as still flow from the mouths of 
volcanos; — who can see phenomena like these, and 
imagine that he best promotes the progress of our 
knowledge of the earth's history, by noting down the 
£icts, and abstaining from all inquiry whether these 
are really proofs of past states of the earth and of sub- 
terraneous forces, or merely an accidental imitation of 
the effects of such causes ? In this and similar cases, 
to proscribe the inquiry into causes would be to anni- 
hilate the science. 

Finally, this caution does not even gain its own 
single end, the escape from hypotheses. For, as we 
have said, those who will not seek for new and appro- 
priate causes of newly-studied phenomena, are abnost 
inevitably led to ascribe the facts to modifications of 
causes already familiar. They may declare that they 
will not hear of such causes as vital powers, elective 
affinities, electric, or calorifi!c, or luminiferous ethers or 
fluids; but they will not the less on that account 
assume hypotheses equally unauthorized ; — ^for instance 
— ^universal mechanical forces; a molecular constitu- 
tion of bodies; solid, hard, inert matter; — and will 
apply these hypotheses in a manner which is arbitrary 
in itself as well as quite insufficient for its purpose. 

II. It appears, then, to be required, both by the 
analogy of the most successful efforts of science in past 
times and by the irrepressible speculative powers of 
the human mind, that we should attempt to discover 
both the law8 ofphenomenay and their causes. In every 
department of science, when prosecuted far enough, 
these two great steps of investigation must succeed 
each other. The laws of phenomena must be known 
before we can speculate concerning causes; the causes 
must be inquired into when the phenomena have been 
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reduced to rule. In both these speculations the sup- 
positions and conceptions which occur must be con- 
stantly tested by reference to observation and experi- 
ment In both we must, as &r as possible, devise 
hypotheses which, when we thus test them, display 
those characters of truth of which we have already 
spoken; — ^an agreement with facts such as will stand 
the most patient and rigid inquiry; a provision for 
predicting truly the results of untried cases; a consi- 
lience of inductions from various classes of £Eu;ts; and 
a progressive tendency of the scheme to simplicity and 
unity. 

We shall attempt hereafter to give several rules of a 
more precise aud detailed kind for the discovery of the 
causes, and still more, of the laws of phenomena. But 
it will be useful in the first place to point out the 
Classification of the Sciences which results from the 
principles already established in this word. And for 
this purpose we must previously decide the question, 
whether the practical Arts, as Medicine and ]^gineer- 
ing, must be included in our list of Sciences. 
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CHAPTER YIII. 
Op'Abt and Science. 



Aphorism XXV. 

Art and Science differ. The object of Science is Know- 
ledge; the objects of Art, are Works. In Art, truth is a 
means to an end; in Science^ it is the only end. Hence the 
Practical Arts are not to he classed among the Sciences. 

Aphobism XXVI. 

Practical Knowledge, such as Art implies, is not Know^ 
ledge such as Science includes. Brute animals have aprac^ 
iical knowledge of relations of space and force; but they hone 
no knowledge of Geometry or Mechanics. 

1. rilHE distinction of Arts and Sciences very mate- 
X rially affects all classifications of the departments 
of Human Knowledge. It is often maintained, ex- 
pressly or tacitly, that the Arts are a part of our 
knowledge, in the same sense in which the Sciences 
are so; and that Art is the application of Science to the 
purposes of practical life. It will be found that these 
views require some correction, when we understand 
Science in the exact sense in which we have throughr 
out endeavoured to contemplate it, and in which alone 
our examination of its nature can instruct us in the 
true foundations of our knowledge. 

When we cast our eyes upon the early stages of 
the histories of nations, we cannot £edl to be struck 
with the consideration, that in many countries the 
Arts of life already appear, at least in some rude form 
or other, when, as yet, nothing of science exists. A 
NOV. ORa. 9 
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practical knowledge of Astronomy, such as enables them 
to reckon months and years, is found among all nations 
except the mere savages. A practical knowledge of 
Mechanics must have existed in those nations which 
have left us the gigantic monuments of early architec- 
ture. The pyramids and temples of Egypt and Nubia, 
the Cyclopean walls of Italy and Greece, the temples 
of Magna Grsecia and Sicily, the ^obelisks and edifices 
of India, the cromlechs and Druidical circles of coun- 
tries formerly Celtic, — ^must have demanded no small 
practical mechanical skill and power. Yet those 
modes of reckoning time must have preceded the rise 
of speculative Astronomy ; these structures must have 
been erected before the theory of Mechanics was 
known. To suppose, as some have done, a great body 
of science, now lost, to have existed in the remote 
ages to which these remains belong, is not only quite 
gratuitous and contrary to all analogy, but is a suppo- 
sition which cannot be extended so far as to explain 
all such cases. For it is impossible to imagine that 
every art has been preceded by the science which ren- 
ders a reason for its processes. Certainly men formed 
wine from the grape, before they possessed a Science of 
Fermentation; the first instructor of every artificer in 
brass and iron can hardly be supposed to have taught 
the Chemistry of metals as a Science; the inventor 
of the square and the compasses had probably no more 
knowledge of demonstrated Geometry than have the 
artisans who now use those implements; and finally, 
the use of speech, the employment of the inflections 
and combinations of words, must needs be assumed as 
having been prior to any general view of the nature 
and analogy of Language. Even at this moment, the 
greater part of the arts which exist in the world are 
not accompanied by the sciences on which they theo- 
retically depend. Who shall state to us the general 
chemical truths to which the manufactures of glass, 
and porcelain, and iron, and brass, owe their existence? 
Do not almost all artisans practise many successful 
artifices long before science explains the ground of the 
process) Do not arts at this day exist, in a high state 
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of perfection, in countries in which there is no science, 
as China and India? These countries and many others 
have no theories of mechanics, of optics, of chemistry, 
of physiology; yet they construct and use mechanical 
and optical instruments, make chemical combinations, 
take advantage of physiological laws. It is too evident 
to need farther illustration that Art may exist without 
Science; — that the former has usually been anterior to 
the latter, and even now commonly advances inde- 
pendently, leaving science to follow as it can. 

2. We here mean by Science, that exact, general, 
speculative knowledge, of which we have, throughout 
this work, been endeavouring to exhibit the nature 
and rules. Between such Science and the practical 
Arts of life, the points of difference are sufficiently 
manifest. The object of Science is Knowledge ; the 
object of Art are Works, The latter is satisfied with 
producing its material results; to the former, the ope- 
rations of matter, whether natural or artificial, are 
interesting only so far as they can be embraced by 
intelligible principles. The End of Art is the Beginning 
of Science; for when it is seen what is done, then 
comes the question why it is done. Art may have 
fixed general rules, stated in words; but she has 
these merely as means to an end : to Science, the pro- 
positions which she obtains are each, in itself, a suffi- 
cient end of the effort by which it is acquired. When 
Art has brought forth her product, her task is finished; 
Science is constantly led by one step of her path to 
another: each proposition which she obtains impels 
her to go onwards to other propositions more general, 
more profound, more simple. Art puts elements toge- 
ther, without caring to know what they are, or why 
they coalesce. Science analyses the compound, and at 
every such step strives not only to perform, but to 
understand the analysis. Art advances in proportion 
as she becomes able to bring forth products more 
multiplied, more complex, more various; but Science, 
straining her eyes to penetrate more and more deeply 
into the nature of things, reckons her success in pro- 
portion as she sees, in all the phenomena, however 
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mtiltiplied, complex, and varied, the results of one or 
two simple and general laws. 

3. There are many acts which man, as well as 
animals, performs by the guidance of nature, without 
seeing or seeking the reason why he does so; as, the 
acts by which he balances himself in standing or 
moving, and those by which he judges of the form and 
position of the objects around him. These actions 
have their reason in the principles of geometry and 
mechanics; but of such reasons he who thus acts is 
imaware : he works blindly, imder the impulse of an 
unknown principle which we call Instinct When 
man's speculative nature seeks and finds the reasons 
why he should act thus or thus; — ^why he should 
stretch out his arm to prevent his faUing, or assign a 
certain position to an object in consequence of the 
angles under which it is seen ; — he may perform the 
same actions as before, but they are then done by the 
aid of a different faculty, which, for the sake of dis- 
tinction, we may call Insight, Instinct is a purely 
active principle; it is seen in deeds alone; it has no 
power of looking inwards; it asks no questions; it has 
no tendency to discover reasons or rules; it is the 
opposite of Insight. 

4. Art is not identical with Instinct : on the con- 
traiy, there are broad differences. Instinct is station- 
ary; Art is progressiva Instinct is mute; it acts, 
but gives no rules for acting: Art can speak; she can 
lay down rules. But though Art is thus separate 
from Instinct, she is not essentially combined with 
Insight. She can see what to do, but she needs not 
to see why it is done. She may lay down Bules, but it 
is not her business to give Reasons. When man makes 
that his employment, he enters upon the domain of 
Science. Art i^es the phenomena and laws of nature 
as she finds them : that they are multiplied, complex, 
capricious, incoherent, disturbs her not. She is con- 
tent that the rules of nature's operations shotdd be 
perfectly arbitrary and imintelligible, provided they 
are constant, so that she can depend upon their effects. 
But Science is impatient of all appearance of caprice^ 
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inconsistency, irregularity, in nature. She will not 
believe in the existence of such characters. She re- 
solves one apparent anomaly after another; her task is 
not ended tUl every thing is so plain and simple, that 
she is tempted to believe that she sees that it could by 
no possibility have been otherwise than it is. 

5. It may be said that, after all. Art does really 
involve the knowledge which Science delivers ; — ^that 
the artisan who raises large weights, practically hn/yvos 
the properties of the mechanical powers; — ^that he 
who manu&ctures chemical compounds is virtually 
acquainted with the laws of chemical combination. 
To this we reply, that it might on the same grounds 
be asserted, that he who acts upon the principle that 
two sides of a triangle are greater than the third is 
really acquainted with geometry; and that he who 
balances himself on one foot knows the properties of 
the center of gravity. But this is an acquaintance 
with geometry and mechanics which even brute ani- 
mals possess. It is evident that it is not of such 
knowledge as this that we have here to treat. It is 
plain that this mode of possessing principles is alto- 
getha: different from that contemplation of them on 
which science is foimded. We neglect the most essen- 
tial and manifest differences, if we confound our im- 
Gonscious assumptions with our demonstrative reason- 
ings. 

6. The real state of the case is, that the principles 
which Art involves^ Science alone evolvea. The truths 
on which the success of Art depends, lurk in the 
artist's mind in an undeveloped state; guiding his 
hand, stimulating his invention, balancing his judg- 
ment, but not appearing in the form of enimciated 
Propositions. Principles are not to him dii*ect objects 
of meditation : they are secret Powers of Nature, to 
which the forms which tenant the world owe their 
constancy, their movements, their changes, their luxu- 
riant and varied growth, but which he can nowhere 
directly contemplate. That the creative and directive 
Principles which have their lodgment in the artist's 
mind, when unfolded by our speculative powers into 
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systematic shape, become Science, is true; but it is 
precisely this process of developm&nt which gives to 
them their character of Science. In practical Art, 
principles are unseen guides, leading us by invisible 
strings through paths where the end alone is looked 
at : it is for Science to direct and purge our vision so 
that these airy ties, these principles and laws, generali- 
zations and theories, become distinct objects of vision. 
Many may feel the intellectual monitor, but it is only 
to her favourite heroes that the Goddess of Wisdom 
visibly reveals herself. 

7. Thus Art, in its earlier stages at least, is widely 
different from Science, is independent of it, and is ante- 
rior to it. At a later period, no doubt. Art may borrow 
aid from Science ; and the discoveries of the philo- 
sopher may be of great value to the manufecturer and 
the artist. But even then, this application forms no 
essential part of the science : the interest which be- 
longs to it is not an intellectual interest. The aug- 
mentation of human power and convenience may impel 
or reward the physical philosopher; but the processes 
by which man's repasts are rendered more delicious, 
his journeys more rapid, his weapons more terrible, 
are not, therefore. Science. They may involve princi- 
ples which are of the highest interest to science; but 
as the advantage is not practically more precious be- 
cause it results from a beautiful theory, so the theore- 
tical principle has no more conspicuous place in science 
because it leads to convenient practical consequences. 
The nature of Science is purely intellectual ; Knowledge 
alone,— exact general Truth, — ^is her object; and we 
cannot mix with such materials, as matters of the same 
kind, the merely empirical maxims of Art, without 
introducing endless confusion into the subject, and 
making it impossible to attain any solid footing in our 
philosophy. 

8. I shall therefore not place, in our Classification 
of the Sciences, the Arts, as has generally been done; 
nor shaU I notice the applications of sciences to art, 
as forming any separate portion of each science. The 
sciences, considered as bodies of general speculative 
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truths, are what vre are here concerned with; and 
applications of such traths, whether useful or useless, 
are important to us only as illustrations and examples. 
Whatever place in human knowledge the Practical 
Arts may hold, they are not Sciences. And it is only 
by this rigorous separation of the Practical from the 
Theoretical^ that we can arrive at any solid conclusions 
respecting the nature of Truth, and the mode of arriv- 
ing at it^ such as it is our object to attain. 
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CHAPTER IX, 

Of the CLASSIFICATIOlJr OF SOIENCIS. 



I. rriHE Classification of Sciences lias its chief use in 
X pointing out to us the extent of our powers of 
arriving at truth, and the analogies which may obtain 
between those certain and lucid portions of knowledge 
with which we are here concerned, and those other 
portions, of a very different interest and evidence, 
which we here purposely abstain to touch upon. The 
classification of human knowledge will, therefore, have 
a more peculiar importance when we can include in it 
the moral, political, and metaphysical, as well as the 
physical portions of our knowledga But such a sur- 
vey does not belong to our present undertaking : and 
a general view of the connexion and order of the 
branches of sciences which our review has hitherto in- 
cluded, will even now possess some interest; and may 
serve hereafter as an introduction to a more complete 
scheme of the general body of human knowledge. 

2. In this, as in any other case, a sound classifica- 
tion must be the result, not of any assumed principles 
imperatively applied to the subject, but of an exami- 
nation of the objects to be classified;— of an analysis of 
them into the principles in which they agree and differ. 
The Classification of Sciences must result fix)m the 
consideration of their nature and contents. Accord- 
ingly, that review of the Sciences in which the History of 
the Sciences engaged us, led to a Classification, of which 
the main features are indicated in that work. The 
Classification thus obtained, depends neither upon the 
faculties of the mind to which the separate parts of 
our knowledge owe their origin, nor upon the objects 
which each science contemplates; but upon a more 
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natural and fundamental element; — ^namely, the Ideas 
which each science involves. The Ideas regulate and 
connect the lacts, and are the foimdations of the rea- 
soning, in each science : and having in another work 
more fully examined these IdeaSy we are now prepared 
to state here the classification to» which they lead. If 
we have rightly traced each science to the Conceptions 
which are really fundamental loUh reqwrd to it, and 
which give rise to the first principles on which it 
depends, it is not necessary foY our purpose that we 
should decide whether these Conceptions are absolutely 
ultimate principles of thought, or whether, on the con- 
trary, they can be further resolved into other Funda- 
mental Ideas. We need not now suppose it deter- \^ 
mined whether or not Nvmnher is a mere modification ' 
of the Idea of Time, and Force a mere modification of 
the Idea of Cause : for however this may be, our Con- 
ception of Number is the foundation of Arithmetic, 
and our Conception of For<?iB is the foundation of Me- 
chanics. • It is to be observed also that in oxir classifi- 
cation, each Science may involve, not only the Ideas 
or Conceptions which are placed opposite to it in the 
Ust, but also all which 'precede it. Thus Formal Astro- 
nomy involves not only the Conception of Motion, but 
also those which are the foundation of Arithmetic and 
Geometry. In like manner. Physical Astronomy em- 
ploys the Sciences of Statics and Dynamics, and thus, 
rests on their foundations; and they, in turn, depend 
upon the Ideas of Space and of Time, as well as of 
Causa 

3. We may further observe, that this arrangement 
of Sciences according to the Fundamental Ideas which 
they involve, points out the transition from those parts 
of human knowledge which have been included in our 
History and Philosophy, to other regions of speculation 
into which we have not entered. We have repeatedly 
found ourselves upon the borders of inquiries of a 
psychological, or moral, or theological nature. Thus 
the History of Physiology* led us to the consideration 
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of Life, Sensation, and Volition; and at these Ideas we 
stopped, that we might not transgress the boundaries of 
oxir subject as then predetermined. It is plain that 
the pursuit of such conceptions and their consequences, 
would lead us to the sciences (if we are allowed to call 
them sciences) which contemplate not only animal, but 
human principles of action, to Anthropology, and Psy- 
chology. In other ways, too, the Ideas which we have 
examined, although manifestly the foundations of sci- 
ences such as we have here treated of, also plainly 
pointed to speculations of a different order; thus the 
Idea of a Final Cause is an indispensable guide in 
Biology, as we have seen ; but the conception of Design 
as directing the order of nature, once admitted, soon 
carries us to higher contemplations. Again, the Class 
of Palsetiological Sciences which we were in the His- 
tory led to construct, although we there admitted only 
one example of the Class, namely Greology, does in 
reality include many vast* lines of research; as the 
history and causes of the diffusion of plants and ani- 
mals, the history of languages, arts, and consequently 
of civilization. Along with these researches, comes 
the question how far these histories point backwards to 
a natural or a supernatural origin; and the Idea of a 
First Cause is thus brought under our donsideration* 
Finally, it is not difficult to see that as the Physical 
Sciences have their peculiar governing Ideas, which 
support and shape them, so the Moral and Political 
Sciences also must similarly have their fundamental 
and formative Ideas, the source of universal and cer- 
tain truths, each of their proper kind. But to follow 
out the traces of this analogy, and to verify the ex- 
istence of those Fundament Ideas in Morals and 
Politics, is a task quite out of the sphere of the work 
in which we are here engaged. 

4. We may now place before the reader our Classi- 
fication of the Sciences. I have added to the list of 
Sciences, a few not belonging to our present subject, 
that the nature of the transition by which we are to 
extend our philosophy into a wider and higher region 
may be in some measure perceived. 
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The ClasEttfication of the Sciences is given over lea£ 

A few remarks upon, it offer themselves. 

The Pure Math^natical Sciences can hardly be called 
Inductive Sciences. Their principles are not obtained 
by Induction from Facts, but are necessarily a&sumed 
in reasoning upon the subject matter which those 
sciences involve. 

The Astronomy of the Ancients aimed only at ex- 
plaining the motions of the heavenly bodies, as a mecha-* 
nism. Modem Astronomy, explains these motions on 
the principles of Mechanics. 

The term Physics, when confined to a pecidiar 
class of Sciences, is usually understood to exclude the 
Mechanical Sciences on the one side, and Chemistry 
on the other; and thus embraces the Secondary Mecha- 
nical and Analytico-Mechanical Sciences. But the ad- 
jective Physical applied to any science and opposed 
to Formal, as in Astronomy and Optics, implies those 
speculations in which we consider not only the Laws 
of Phenomena but their Causes; and generally, as 
in those cases, their Mechanical Causes. 

The term Metaphysics is applied to subjects in which 
the Facts examined are emotions, thoughts and mental 
conditions; subjects not included in our present survey. 
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ConoeptioDS. 


Scienow. 






Space . 


. Geometry . 






TRme 
Sign 


. Arittoetic ! ! 
Algebra . . . 


^ Pure Mathematical 
Sciences. 




Tiiinit . 


Diflferentials . 






Motion . 


. Pure Mechanism 


Pure Motional Sci- 






Formal Astronomy , j ences. 




Cause 








Force 


Statics . 




) 


Matter . 
Inertia . 


Hydrostatics . 


Mechanical Sci- 




Fluid Pressure, 


Hydrodynamics. . 
Physical Astronomy . 


enoes. 




Outness 








Medium of Semation Acoustics . 






IntenBit J of Qualities Formal Optics . 


Secondary Mecha- 




Scales of Qualities . 


Physical Optics . 


nical Sciences. 






Thermotics 


(Pkydes.) 




, 


^;Atmolpgy . . .J 






Polarity . , • 


Electricity 


Analytico-Mecha- 


* 




Magnetism 


nical Sciences. 






Galvanism « 


(Physics.) 




Element (Composition) 




i 


Chemical AflBnity 








Substance (Atoms) . 


Chemistry . 


Analytical Science. 




Symmetry . , 


Crystallography . 1 
SystematicMineralogy J 


Analytico -Classifi- 


i 


Likeness . 


catory Sciences. 


; 


Degrees of Likeness . 


Systematic Botany . ] 
Systematic Zoology . 


Classificatory Sci- 
ences. 




Natural Affinity 


ComparativeAnatomy J 






(Vital Powers) 








Assimilation 








ImtabiHty 








(Organization) • 


Biology . 


Organical Sciences. 




Final Cause 








Instinct 




• 




Emotion ... 


Psychology 


(Metaphysics,) 




Thought 








Historical Causation 


Geology • 








Distribution of Plants 
and Animals . 


PalsBtiological Sci- 






Glossology • . 


ences. 






Ethnography . 






First Cause . 


Natural Theology. 
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BOOK III. 

OF METHODS EMPLOYED IN THE FORMATION 
OF SCIENCE. 



CHAPTER I. 
Introduction. 



Aphorism XXVII. 

The Methods 6y which the construction of Science is pro- / 
moted are, Methods of Obseryation, Methods of obtaining 
clear Ideas, cmd Methods of Induction. 

I. TN the preceding Book, vre pointed out certain 
X genertJ Characters of scientific knowledge which 
may often serve to distinguish it from opinions of a 
looser or vaguer kind. In the course of the progress 
of knowledge from the earliest to the present time, men 
have been led to a perception, more or less clear, of 
these characteristica Various philosophers, from Plato 
and Aristotle in the ancient world, to Richard de Saint 
Victor and Roger Bacon in the middle ages, Galileo 
and Gilbert, Francis Bacon and Isaac Newton, in modem 
times, were led to offer precepts and maxims, as fitted 
to guide us to a real and fundamental knowledge of 
nature. It may on another occasion be our business 
to estimate the value of these precepts and maxims. 
And other contributions of the same kind to the phi- 
losophy of science might be noticed, and some which 
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contain still more valuable suggestions, and indicate a 
more practical acquaintance with the subject. Among 
these, I must especially distinguish Sir John HerscheFs 
Discourse on the Study ofNatv/ral Philosophy, But my 
object at present is not to relate the history, but to pre- 
sent the really valuable results of preceding labours : and 
I shall endeavour to collect, both from them and from 
my own researches and reflections, such views and 
such rules as seem best adapted to assist us in the 
discovery and recognition of scientific truth; or, at 
least, such as may enable us to understand the pro- 
cess by which this truth is obtained. I would present 
to the reader the Philosophy and, if possible, the Art 
of Discovery. 

2. But, in truth, we must acknowledge, before we 
proceed with this subject, that, speaking with strict- 
ness, an Art of Discovery is not possible; — ^thatwe can 
give no Rules for the pursuit of truth which shall be 
universally and peremptorily applicable; — ^and that the 
helps which we can offer to the inquirer in such cases 
are limited and precarious. Still, we trust it wiU be 
found that aids may be pointed out which are neither 
worthless nor iminstructive. The mere classification 
of examples of successful inquiry, to which our rules 
give occasion, is ftdl of interest for the philosophical 
speculator. And if our maxims direct the discoverer 
to no operations which might not have occurred to 
his mind of themselves, they may still concentrate our 
attention on that which is most important and cha- 
racteristic in these operations, and may direct us to 
the best mode of insuring their success. I shall, 
therefore, attempt to resolve the Process of Discovery 
into its parts, and to give an account as distinct as 
may be of Riiles and Methods which belong to each 
portion of the process. 

3. In Book II. we considered the three main 
parts of the process by which science is constructed : 
namely, the Decomposition and Observation of Com- 
plex Facts; the Explication of our Ideal Concep- 
tions; and the Colligation of Elementary Facts by 
means of those Conceptions. The first and last of 
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these three steps are capable of receiving additional 
accuracy by peculiar processes. They may further the 
advance of science in a more effectual manner, when 
directed by special technical Methods^ of which in the 
present Book we must give a brief view. In this more 
technical form, the observation of facts involves the 
Measfwrement of PhenomeTia; and the Colligation of 
Facts includes all arts and rules by which the process 
of Induction can be assisted. Hence we shall have 
here to consider Methods of OhservcUion, and Methods 
of Induction, using these phrases in the widest sensa 
The second of the three steps above mentioned, the 
Explication of our Conceptions, does not admit of be- 
ing much assisted by methods, although something may 
be done by Education and Discussion. 

4. The Methods of Induction, of which we have to 
speak, apply only to the first step in our ascent from 
phenomena to laws of nature; — ^the discovery of La/ws 
of Phenomena, A higher and ulterior step remains 
behind, and follows in natural order the discovery of 
Laws of Phenomena; namely, the Discovery ofCcmaes; 
and this must be stated as a distinct and essential pro- 
cess in a complete view of the course of science. Again, 
when we have thus ascended to the causes of pheno- 
mena and of their laws, we can often reason down- 
wards from the cause so discovered; and we are thus 
led to suggestions of new phenomena, or to new expla- 
nations of phenomena already known. Such proceed- 
ings may be termed ApplicOftions of our Discoveries; 
including in the phrase, Verifications of our Doctrines 
by such an application of them to observed facts. 
Hence we have the following series of processes con- 
cerned in the formation of science. 

(I,) Decomposition of Facts; 

{2,) Measurement of Phenomena; 

(3.) Explication of Conceptions; 

f4.) Induction of Laws of Phenomena; 

(5S Induction of Causes; 

(6.) Application of Inductive Discoveries, 
g. Of these six processes, the methods by which 
the second and fourth may be assisted are here our 
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peculiar object of attention. The treatment of these 
subjects in the present work must necessarily be scanty 
and imperfect^ although we may perhaps be able to add 
something to what has hitherto been systematically 
taught on these heads. Methods of Observation and 
of Induction might of themselves form an abundant 
subject for a treatise, and hereafter probably will do 
so, in the hands of ^ture writers. A few remarks, 
offered as contributions to this subject, may serve to 
show how extensive it is, and how much more ready 
it now is than it ever before was, for a systematic dis- 
cussion. 

Of the above steps of the formation of science, the 
first, the Decomposition of Facts, has already been 
sufficiently explained in the last Book: for if we 
ptu:Bue it into further detail and exactitude, we find 
that we gradually trench upon some of the succeed- 
ing parts. I, therefore, proceed to treat of the second 
step, the Measurement of Phenomena;— of Methods 
by which this work, in its widest sense, is executed, 
and these I shall term Methods of Observation. 
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CHAPTER 11. 
Op Methods op .Observation. 



Aphorism XXVIII. 

The MetJioda of Observation of Q^aniUy in general are. 
Numeration, which is precise hy the nature of Number; the 
Measurement of Space and of Time, which are easilt/ made 
precise; the Conyersion cf Space and Time, by which each 
aids the measurement of the other; tlie Method of Repe- 
tition; the Method of Coincidences or Interferences. The 
measurement of Weight is made precise by the Method of 
Double-weighing. Secondary Qualities are measured by 
means of Scales of Degrees; but in order to apply these 
Scales, the student requires the Education of the Senses. 
The Education of the Senses is forwarded by the practical 
study of Descriptire Natural History, Chemical Manipu- 
lation, and Astronomical Obseryation. 

I. T SHALL speak, in this chapter, of Methods 
X of exact and systematic observation, by which 
such facts are collected as form the materials of precise 
scientific propositions. These Methods are very vari- 
ous, according to the nature of the subject inquired 
into, and other circumstances: but a great portion of 
them agree in being processes of measurement. These 
I shall peculiarly consider : and in the first place those ^ 
referring to Number, Space, and Time, which are at \ 
the same time objects and instruments of measure- y 
ment. 

2. But though we have to explain how observa- 
tions may be made as perfect as possible, we must not 
forget that in most cases complete perfection is unat- 
tainable. Observations ct/re never perfect^ For we 
NOV. ORG, . * 10 
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observe phenomena by our senses, and measure their 
relations in time and space; but our senses and our 
measures are all, from various causes, inaccurate. If 
we have to observe the exact place of the moon among 
the stars, how much of instrumental apparatus is 
necessary ! This apparatus has been improved by 
many successive generations of astronomers, yet it is 
still far from being perfect. And the senses of man, 
as well as his implements, are limited in their exact- 
ness. Two different observers do not obtain precisely 
the same measures of the time and place of a pheno- 
jnenon ; as, for instance, of the moment at which the 
moon occults a star, and the point of her limb at which 
the occultation takes place. Here, then, is a source of 
inaccuracy and errour, even in astronomy, where the 
means of exact observation are incomparably more 
complete than they are in any other department of 
human research. In other cases, the task of obtaining 
accurate measures is far more difficidt. If we have 
to observe the tides of the ocean when rippled with 
waves, we can see the average level of the water first 
rise and then fall; but how hard is it to select the exact 
moment when it is at its greatest height, or the exact 
highest point which it reaches ! It is very easy, in such 
a case, to err by many minutes in time, and by several 
inches in space. 

Still, in many cases, good Methods can remove very 
much of this inaccuracy, and to these we now proceed. 

3. (I.) Nwmher, — ^Number is the first step of mea- 
surement, since it measures itself, and does not, like 
space and time, require an arbitrary standard. Hence 
the first exact observations, and the first advances of 
rigorous knowledge, appear to have been made by means 
of number; as for example, — the nimiber of days in a 
month and in a year ; — the cycles according to which 
eclipses occur; — the number of days in the revolutions 
of the planets; and the like. All these discoveries, as 
we have seen in the History of Astronomy, go back to 
the earliest period of the science, anterior to any dis- 
tinct tradition ; and these discoveries presuppose a series, 
probably a very- long series, of observations, made prin- 
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cipally by means of number. Nations so rude as to 
have no other means of exact measurement, have still 
systems of nimieration by which they can reckon to a 
considerable extent. Yery often, such nations have very 
complex systems, which are capable of expressing num- 
bers of great magnitude. Number supplies the means 
of measuring other quantities, by the assumption of a 
unit of measure of the appropriate kind: but where 
nature supplies the unit, number is applicable directly 
and immecfiately. Number is an imf)ortant element in 
the Classificatory as well as in the Mathematical Sci- 
ences. The Histoly of those Sciences shows how the 
formation of botanicij systems was effected by the adop- 
tion of number as a leading element, by Csesalpinus ; 
and how afterwards the Reform of Linnaeus in classifi- 
cation depended in a great degree on his finding, in the 
pistils and stamens, a better numerical basis than those 
before employed. In like manner, the number of rays 
in the membrane of the gills*, and the number of rays 
in the fins of fish, were found to be important elements 
in ichthyological classification by Artedi and Linnaeus. 
There are innumerable instances, in all parts of Natural 
History, of the importance of the observation of num- 
ber. And in this observation, no instrument, scale or 
st^dard is needed, or can be applied; except the 
scale of natural numbers, expressed either in words or 
in figures, can be considered as an instrument. 

4. (IL) Measurement of Space. — Of quantities ad- 
mitting of continuous increase and decrease, (for num- 
ber is discontinuous,) space is the most simple in its 
mode of measurement, and requires most frequently to 
be measured. The obvious mode of measuring space is 
by the repeated application of a material measure, as 
when we take a foot-rule and measure the length of a 
room. And in this case the foot-rule is ^^ unit of 
space, and the length of the room is expressed by the 
number of such units which it contains ; or, as it may 
not contain an exact number, by a number with a 
fraction. But besides this measurement of linear space, 



I HisL Ind. 5c. b. xvL c. vii. 

10—2 



Digitized 



by Google 



148 FORMATION OF SCIENCE. 

there is another kind of space wluch, for purposes of 
science, it is still more important to measure, namely, 
angular space. The visible heavens being considered 
as a sphere, the portions and paths of the heavenly 
bodies are determined by drawing circles on the surface 
of this sphere, and are expressed by means of the parts 
of these circles thus intercepted : by such measures the 
doctrines of astronomy were obtained in the very begin- 
ning of the science. The arcs of circles thus measured, 
ai*e not like linear spaces, reckoned by means of an 
aMtra/ry unit; for there is a ncUural unit, the total 
circumference, to which all arcs may be referred. For 
the sake of convenience, the whole circumference is 
divided into 360 parts or degrees; and by means of 
these degrees and their parts, all arcs are expressed. 
The arcs are the measures of the angles at the center, 
and the degrees may be considered indifferently as 
measuring the one or the other of these quantities. 

5. In the History of Astronomy", I have described 
the method of observation of celestial angles employed 
by the Greeks. They determined the Imes in which 
the heavenly bodies were seen, by means either of 
Shadows, or of Sights; and measured the angles be- 
tween such lines by arcs or rules properly applied to 
them. The Armfll, Astrolabe, Dioptra, and Paral- 
lactic Instrument of the ancients, were some of the 
instruments thus constructed. Tycho Brahe greatly 
improved the methods of astronomical observation by 
giving steadiness to the frame of his instruments, 
(which were large quadrarUs^ and accuracy to the 
divisions of the lirnb^. But the application of the tele- 
scope to the astronomical quadrant and the fixation of 
the center of the field by a cross of fine wires placed in 
the focus, was an immense improvement of the instru- 
ment, since it substituted a precise visual ray, pointing 
to the star, instead of the coarse coincidence of Sights. 
The accuracy of observation was still further increased 
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by applying to the telescope a micrometer which might 
subdivide the smaller divisions of the arc. 

6. By this means, the precision of astronomical ob- 
servation was made so great, that very minute angular 
spaces could be measured : and it then became a ques- 
tion whether discrepancies which appeared at first as 
defects in the theory, might not arise sometimes from 
a bending or shaking of the instrument, and from the 
degrees marked on the limb being really somewhat 
unequal, instead of being rigorously equal. Accord- 
ingly, the fi-aming and balancing of the instrument, so 
as to avoid all possible tremor or flexure, and the exact 
division of an arc into equal parts, became great objects 
of those who wished to improve astronomical observa- 
tions. The observer no longer gazed at the stars from 
a lofty tower, but placed his telescope on the solid 
ground, and braced and balanced it with various con- 
trivances. Instead of a quadrant, an entire circle was 
iittroduced (by Ramsden;) and various processes were 
invented for the dividing of instruments. Among 
these we may notice Troughton's method of dividing; 
in which the visual ray of a microscope was substituted 
for the points of a pair of compasses, and, by stepping 
round the circle, the partial arcs were made to bear 
their exact relation to the whole circumference. 

7. Astronomy is not the only science which de- 
pends on the measurement of angles. Crystallography 
also requires exact measures of this kind; and the 
goniometer, especially that devised by Wollaston, sup- 
plies the means of obtaining such measures. The 
science of Optics also, in many cases, requires the mea- 
surement of angles. 

8. In the measurement of linear space, there is no 
natural standard which offers itself Most of the com- 
mon measures appear to be taken from some part of 
the human body ; as B,foot, a cvhit, 2i,faihom; but such 
measures cannot possess any precision, and are altered 
by convention : thus there were in ancient times many 
lands of cubits; and in modem Europe, there are a 
great number of different standards of the foot, as the 
Rhenish foot, the Paris foot, the English foot. It is 
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very desirable that, if possible, some permanent stand- 
ard, founded in nature, should be adopted; for the con- 
ventional measures are lost in the course of ages; and 
thus, dimensions expressed by means of them become 
unintelligible. Two different natural standards have 
been employed in modem times: the French have 
referred their measures of length to the total circum- 
ference of a meridian of the earth; a quadrant of this 
meridian consists of ten million units or metres. The 
English have fixed their linear measure by reference to 
the length of a pendulum which employs an exact 
second of time in its small oscillation. Both these 
methods occasion considerable difficulties in carrying 
them into effect; and are to be considered mainly as 
means of recovering the standard if it should ever be 
lost. For common purposes, some material standard is 
adopted as authority for the time: for example, the 
standard which in England possessed legal authority 
up to the year 1835 was preserved in the House of 
Parliament; and was lost in the conflagration which 
destroyed that edifica The standard of length now 
generally referred to by men of science in England is 
that wluch is in the possession of the Astronomical 
Society of London. 

9. A standard of length being established, the 
artifices for applying it, and for subdividing it in the 
most accurate manner, are nearly the same as in the 
case of measures of arcs : as for instance, the employ- 
ment of the visual rays of microscopes instead of the 
legs of compasses and the edges of rules; the use of 
micrometers for minute measurements; and the like. 
Many different modes of avoiding errour in such mea- 
surements have been devised by various observers, 
according to the nature of the cases with which they 
had to deal*. 

TO. (III.) Measurement of Time, — The methods of 
measuring Time are not so obvious as the methods of 



♦ On the precautions employed in Astronomy, (in the Cabinet Cydopce- 
astronomical instruments for the diOt) Arts. X03— na 
measure of space, see Sir J. Herschel's 
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measuring space; for we cannot apply one portion of 
time to another, so as to test their equality. We are 
obliged to begin by assuming some change as the mea- 
sure of time. Thus the motion of the sun in the sky, 
or the length and position of the shadows of objects, 
were the first modes of measuring the parts of the day. 
But what assurance had men, or what assurance could 
they have, that the motion of the sun or of the shadow 
was uniform? They could have no such assurance, 
till they had adopted some measure of smaller times; 
which smaller times, making up larger times by repe- 
tition, they took as the standard of imiformity; — ^for 
example, an hour-glass, or a clepsydra which answered 
the same purpose among the ancients. There is no 
apparent reason why the successive periods measured 
by the emptying of the hour-glass should be unequal; 
they are implicitly accepted as equal; and by reference 
to these, the imiformity of the sun's motion may be 
verified. But the great improvement in the measure- 
ment of time was the use of a pendulum for the pur- 
pose by Galileo, and the application of this device to 
clocks by Huyghens in 1656. For the successive oscil- 
lations of a pendulum are rigorously equal, and a clock 
is only a train of machinery employed for the purpose 
of counting these oscillations. By means of this inven- 
tion, the measure of time in astronomical observations 
became as accurate as the measure of space. 

1 1. What is the natural unit of time ? It was as- 
sumed fi:om the first by the Greek astronomers, that 
the sidereal days, measured by the revolution of a star 
from any meridian to the same meridian again, are 
exactly equal; and all improvements in the measure of 
time tended to confirm this assumption. The sidereal 
day is therefore the natural standard of time. But the 
soLar day, determined by the diurnal revolution of the 
sun, although not rigorously invariable, as the sidereal 
day is, undergoes scarcely any perceptible variation; 
and since the course of daily occurrences is regulated 
by the sun, it is far more convenient to seek the basis 
of our unit of time in hia motions. Accordingly the 
solar day (the mean solar day) is divided into 24 hours, 
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and these, into minutes and seconds; and this is our 
scale of time. Of such time, the sidereal day has 23 
hours 56 minutes 4*09 seconds. And it is plain that 
by such a statement the length of the hour is fixed, 
with reference to 'a sidereal day. The atcmda/rd of 
time (and the standard of space in like manner) equally 
answers its purpose, whether or not it coincides with 
any whole number of units. 

12. Since the sidereal day is thus the standard of 
our measures of time, it becomes desirable to refer to 
it, constantly and exactly, the instruments by which 
time is measured, in order that we may secure our- 
selves against errour. For this purpose, in astronomical 
observatories, observations are constantly made of the 
transit of stars across the meridian; the trcmsU in- 
strument with which this is done being adjusted with 
all imaginable regard to accuracy*. 

13. When exact measures of time are required in 
other than astronomical observations, the same instru- 
ments are still used, namely, clocks and chronometers. 
In chronometers, the regulating part is an oscillating 
body; not, as in clocks, a pendulum oscillating by the 
force of gravity, but a wheel swinging to and fro on 
its center, in consequence of the vibrations of a slen- 
der coil of elastic wire. To divide time into still 
smaller portions than these vibrations, other artifices 
are used; some of which will be mentioned under the 
next head. 

14. (rV.) Conversion of Space and Time, — Space 
and time agree in being extended quantities, which are 
made up and measured by the repetition of homoge- 
neous parts. If a body move uniformly, whether in 
the way of revolving or otherwise, the spa^e which any 
point describes, is proportional to the tim>e of its 
motion; and the space and the time may each be 
taken as a measure of the other. Hence in such cases, 
by taking space instead of time, or time instead of 



A On the precantioiis emplojed in see Herschel's Arironomy, Art. 1x5 
the measure of time by astronomers, —137. 
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space, we may ofben obtain more conyenient and pre- 
cise measures, than we can by measuring directly the 
element with which we are concerned. 

The most prominent example of such a conversion, 
is the measurement of the Kight Ascension of stars, 
(that is, their angular distance from a standard meri- 
dian^ on the celestial sphere,) by means of the time 
employed in their coming to the meridian of the place 
of observation. Since, as we have already stated, the 
visible celestial sphere, carrying the fixed stars, re- 
volves with perfect unifonnity about the pole; if we 
observe the stars as they come in succession to a fixed 
circle passing through the poles, the intervals of time 
between these observations will be proportional to the 
angles which the meridian circles passing through these 
stars make at the poles where they meet ; and hence, 
if we have the means of measuring time with great 
accuracy, we can, by watching the times of the transits 
of successive stars across some visible mark in our own 
meridian, determine the angiUar distances of the meri- 
dian circles of all the stars from one another. 

Accordingly, now that the pendtdum clock affords 
astronomers the means of determining time exactly, a 
measurement of the Hight Ascensions of heavenly 
bodies by means of a clock and a tiunsit instrument, 
is a part of the regular business of an observatory. If 
the sidereal clock be so adjusted that it marks the 
b^inning of its scale of time when the first point of 
R^ht Ascension is upon the visible meridian of our 
observatory, the point of the scale at which the clock 
points when any other star is in our meridian, will 
truly represent ihe Eight Ascension of the star. 

Thus as the motion of the stars is our measure of 
time, we employ time, conversely, as our measure of 
the places of the stars. The celestial machine and our 
terrestrial machines correspond to each other in their 
movements; and the star steals silently and steadily 
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across our meridian line, just as the pointer of the 
clock steals past the mark of the hour. We may judge 
of the scale of this motion by considering .that the full 
moon employs about two minutes of time in sailing 
across any fixed line seen against the sky, transverse 
to her path : and all the celestial bodies, carried along 
by the revolving sphere, travel at the same rate. 

15. In this case, up to a certain degree, we render 
our measures of astronomical angles more exact and 
convenient by substituting time for space; but when, 
in the very same kind of observation, we wish to pro- 
ceed to a greater degree of accuracy, we find that it 
is best done by substituting space for time. In observ- 
ing the transit of a star across the meridian, if we 
have the clock within hearing, we can count the beats 
of the pendulum by the noise which they make, and 
tell exactly at which second of time the passage of the 
star across the visible thread takes place; and thus we 
measure Right Ascension by means of time. But our 
perception of time does not allow us to divide a second 
into ten parts, and to pronounce whether the transit 
takes place three-tenths, six-tenths, or seven-tenths of 
a second after the preceding beat of the clock. This, 
however, can be done by the usual mode of observing 
the transit of a star. The observer, listening to the 
beat of his clock, fastens his attention upon the star at 
each beat, and especially at the one immediately before 
and the one immediately after the passage of the 
thread : and by this means he has these two positions 
and the position of the thread so far present to his 
intuition at once, that he can judge in what proportion 
the thread is nearer to one position than the other, and 
can thus divide the intervening second in its due pro- 
portion. Thus if he observe that at the beginning of 
the second the star is on one side of the thread, and at 
the end of the second on the other side; and that the 
two distances from the thread are as two to three, he 
knows that the transit took place at two-fifths (or four- 
tenths) of a second after the former beat. In this 
way a second of time in astronomical observations 
may, by a skilful observer, be divided into ten equal. 
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parts; altliougli when time is observed as time, a tenth 
of a second appears almost to escape onr senses. Erom 
the above explanation, it will be seen that the reason 
why the subdivision is possible in the way thus de- 
scribed, is this : — that the moment of time thus to be 
divided is so small, that the eye and the mind can 
retain, to the end of this moment, the impression of 
position which it received at the beginning. Though 
the two positions of the star, and the intermediate 
thread, are seen successively, they can be contemplated 
by the mind as if they were seen simultaneously : and 
thus it is precisely the smallness of this portion of 
time which enables us to subdivide it by means of 
space. 

16. There is another case, of somewhat a different 
kind, in which time is employed in measuring space ; 
namely, when space, or the standard of space, is de- 
fined by the length of a pendulum oscillating in a given 
time. We might in this way define any space by the 
time which a pendulum of such a length would take 
in oscillating j and thus we might speak, as was ob- 
served by those who suggested this device, of five 
minutes of cloth, or a rope half an hour long. We 
may observe, however, that in this case, the space is 
not proportional to the time. And we may add, that 
though we thus appear to avoid the arbitrary stand- 
ard of space (for as we have seen, the standard of 
measures of time is a natural one,) we do not do so in 
fact: for we assume the invariableness of gravity, 
which really varies (though very slightly,) from place 
to place. 

17. (V.) The Method of Repetition in Measure- 
ment, — In many cases we can give great additional 
accuracy to our measurements by repeatedly adding 
to itself the quantity which we wish to measure. Thus 
if we wished to ascertain the exact breadth of a thread, 
it might not be easy to determine whether it was one- 
ninetieth, or one-ninety-fifth, or one-hundredth part of 
an inch; but if we find that ninety-six such threads 
placed side by side occupy exactly an inch, we have 
the precise measure of the breadth of the thread. In 
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the same manner, if two clocks are going nearly at the 
same rate, "we may not be able to distinguish the ex- 
cess of an oscillation of one of the pendulums over an 
oscillation of the other : but when the two clocks have 
gone for an hour, one of them may have gained ten 
seconds upon the other; thus showing that the propor- 
tion of their times of oscillation is36ioto36oo. 

In the latter of these instances, we have the princi- 
ple of repetition truly exemplified, because (as has been 
justly observed by Sir J. Herschel'',) there is then * a 
juxtaposition of units without errour,' — * one vibration 
commences exactly where the last terminates, no part 
of time being lost or gained in the addition of the 
units so counted.' In space, this juxtaposition of units 
without eri'our cannot be rigorously accomplished, 
since the units must be added together by material 
contact (as in the above case of the threads,) or in 
some equivalent manner. Yet the principle of repeti- 
tion has been applied to angular measurement with 
considerable success in Borda's Repeating Circle. In 
this instrument, the angle between two objects which 
we have to observe, is repeated along the graduated 
Hmb of the circle by turning the telescope from one 
object to the other, alternately fastened to the circle 
(by its clamp) and loose from it (by unclamping). In 
tlus manner the errours of graduation may (theoreti- 
cally) be entirely got rid of : for if an angle repeated 
ni/ne times be found to go twice round the circle, it 
must be exactly eighty degrees: and where the repeti- 
tion does not give an exact number of circumferences, 
it may still be made to subdivide the errour to any 
required extent. 

18. Connected with the principle of repetition, is 
the Method of coincidences or interferences. If we have 
two Scales, on one of which an inch is divided into 10, 
and on the other into 11 equal parts; and if, these 
Scales being placed side by side, it appear that the 
beginning of the latter Scale is between the 2nd and 
3rd division of the former, it may not be apparent 
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what fraction added to 2 determines the place of ban- 
ning of the second Scale as measured on the first But 
if it appear abo that the 3rd division of the second 
Scale covncidea with a certain division of the first, (the 
5 th,) it is certain that 2 and three-tenths is the exact 
place of the banning of the second Scale, measured 
on the first Scala The 3rd division of the 11 Scale 
will coincide (or interfere with) a division of the 10 
Scale, when the beginning or zero of the 11 divisions 
is three-tenths of a division beyond the preceding line 
of the 10 Scale; as will be plain on a little considera- 
tion. And if we have two Scales of equal units, in 
which each tmit is divided into nearly, but not quite, 
the same number of equal parts (as 10 and 11, 19 and 
20, 29 and 30,) and one sliding on the other, it will 
always happen that some one or other of the division 
lines will coincide, or very nearly coincide; and thus 
the exact position of the beginning of one unit, mea- 
sured on the other scale, is determined. A sliding 
scale, thus divided for the purixwe of subdividing the 
units of that on which it slides, is called a Vernier, 
from the name of its inventor. 

19. The same Principle of Coincidence or Interfer- 
ence is applied to the exact measurement of the length 
of time occupied in the oscillation of a pendulum. If 
a detached pendulum, of such a length as to swing in 
little less than a second, be placed before the seconds' 
pendulum of a clock, and if the two pendulums begin 
to move together, the former will gain upon the latter, 
and in a little while their motions will be quite dis- 
cordant. But if we go on watching, we shall find 
them, after a time, to agree again exactly; namely, 
when the detached pendulum has gained one complete 
oscillation (back and forwards,) upon the clock pendu- 
lum, and again coincides with it in its motion. If this 
happen after 5 minutes, we know that the times of 
oscillation of the two pendulums are in the proportion 
of 300 to 302, and therefore the detached pendulum 
oscillates in j4f ^^ * second. The accuracy which can 
be obtained in the measure of an oscillation by this 
means is great; for the clock can be compared (by 
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observing transits of the stars or otherwise) with 
the natural standard of time, the sidereal day. And 
the moment of coincidence of the two pendulums 
may, by proper arrangements, be very exactly deter- 
mined. 

We have hitherto spoken of methods of measuiing 
time and space, but other elements also may be very 
precisely measured by various means. 

20. (VI.) Measv/rement of Weight, — Weight, like 
space and time, is a quantity made up by addition of 
parts, and may be measured by similar methods. The 
principle of repetition is applicable to the measurement 
of weight ; for if two bodies be simultaneously put in 
the same pan of a balance, and if they balance pieces in 
the other pan, their weights are exactly added. 

There may be difficidties of practical workmanship 
in carrying into effect the mathematical conditions of 
a perfect balance; for example, in securing an exact 
equality of the effective arms of the beam in all posi- 
tions. These difficulties are evaded by the Method of 
double weighing; according to which the standard 
weights, and the body which is to be weighed, are suc- 
cessively put in the same pan, and made to balance by 
a third body in the opposite scale. By this means the 
different lengths of the arms of the beam, and other 
imperfections of the balance, become of no conse- 
quence®. 

21. There is no natural Standard of weight. The 
conventional weight taken as the standard, is the 
weight of a given bulk of some known substance; for 
instance, a cubic foot of toater. But in order that this 
may be definite, the water must not contain any por- 
tion of heterogeneous substance : hence it is required 
that the water be distilled water. 

22. (VII.) Measurement of Secondare/ Qualities, — 
We have already seen* that secondary qualities are 
estimated by means of conventional Scales, which refer 



« For other methods of measming weights accurately, see Faraday's Ckemi' 
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them to space, number, or some other definite ex- 
pression. Thus the Thermometer measures heat; the 
Musical Scale, with or without the aid of number, ex- 
presses the pitch of a note; and we may have an exact 
and complete Scale of Colours, pure and impure. We 
may remark, however, that with regard to sound and 
colour, the estimates of the ear and the eye are not 
superseded, but only assisted: for if we determine 
what a note is, by comparing it with an instrument 
known to be in tune, we still leave the ear to decide 
when the note is in unison with one of the notes of the 
instrument. And when we compare a colour with our 
chromatometer, we judge by the eye which division 
of the chromatometer it matches. Colour and sound 
have their Natural Scales, which the eye and ear 
habitually apply; -what science requires is, that those 
scales should be systematized. We have seen that 
several conditions are requisite in such scales of qua- 
lities : the observer's skill and ingenuity are mainly 
shown in devising such scales and methods of applying 
them. 

23. The Method of Coincidences is employed in 
harmonics : for if two notes are nearly, but not quite, 
in unison, the coincidences of the vibrations produce 
an audible undulation in the note, which is called the 
Twwl; and the exactness of the unison is known by 
this howl vanishing. 

24. (VIII.) Manipulation, — The process of ap- 
plying practically methods of experiment and observa- 
tion, is termed Manipulation; and the value of obser- 
vations depends much upon the proficiency of the 
observer in this art. This skill appears, as we have 
said, not only in devising means and modes in measur- 
ing results, but also in inventing and executing ar- 
rangements by which elements are subjected to such 
conditions as the investigation requires: in finding and 
using some material combination by which nature shall 
be asked the question which we have in our minds. 
To do this in any subject may be considered as a pecu- 
liar Art, but especially in Chemistry; where 'many 
experiments, and even whole trains of research, are 
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essentially dependent for success on mere manipu^ 
lation ^V The changes which the chemist has to study, 
—compositions, decompositions, and mutual actions, 
affecting the internal structure rather than the ex- 
ternal fbrm and motion of bodies, — are not familiarly 
recognized by common observers, as those actions are 
which operate upon the total mass of a body: and 
hence it is only when the chemist has become, to a 
certain degree, familiar with his science, that he has 
the power of observing. He must learn to interpret 
the effects of mixture, heat, and other Chemical agen- 
cies, so as to see in them those flEtcts which chemistry 
makes the basis of her doctrines. And in learning to 
interpret this language, he must also learn to call it 
forth; — ^to place bodies under the requisite conditions, 
by the apparatus of his own laboratory and the opera- 
tions of his own foigers. To do this with readiness 
and precision, is, as we have said, an Art, both of the 
mind and of the hand, in no small degree recondite 
and difficult A person may be well acquainted with 
all the doctrines of chemistry, and may yet fail in the 
simplest experiment. How many precautions and ob- 
servances, what resource and invention, what delicacy 
and vigilance, are requisite in Chemical McmipnUUmif 
may be seen by reference to Dr. Faraday^s work on 
that subject. 

25. The same qualities in the observer are requi- 
site in some other departments of science; for example, 
in the researches of Optics : for in these, after the first 
broad facts have been noticed, the remaining features 
of the phenomena are both very complex and very 
minute; and require both ingenuity in the invention 
of experiments, and a keen scrutiny of their results. 
We have instances of the application of these qualities 
in most of the optical experimenters of recent times, ' 
and certainly in no one more than Sir David Brewster. 
Omitting here all notice of his succeeding labours, his 
Treatise on New Philosophical Instruments, published 
in 18 1 3, is an excellent model of the kind of resource 
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and skill of which we now speak. I may mention as 
an example of this skill, his mode of determining the 
refractive power of an irregular fragment of any trans- 
parent substance. At first this might appear an im- 
possible problem; for it would seem that a regular and 
smooth surface are requisite, in order that we may 
have any measurable refraction. But Sir David Brew- 
ster overcame the difficulty by immersing the fragment 
in a combination of fluids, so mixed, that they had the 
same refractive power as the specimen. The question, 
when they had this power, was answered by noticing 
when the fragment became so transparent that its sur- 
face could hardly be seen; for this happened when, the 
refractive power within and without* the fragment being 
the same, there was no refraction at the surface. And this 
condition being obtained, the refractive power of the fluid, 
and therefore of the fragment, was easily ascertained. 

26. (IX.) The EduccUion of the Senses. — Colour 
and Musical Tone are, as we have seen, detennined by 
means of the Senses, whether or not Systematical Scales 
are used in expressing the observed fact. Systematical 
Scales of sensible qualities, however, not only give pre- 
cision to the record, but to the observation. But for 
this purpose such an Education of the Senses is requi- 
site as may enable us to apply the scale immediately. 
The memory must retain the -sensation or perception 
to which the technical term or degree of the scale 
refers. Thus with regard to colour, as we have said 
already", when we find such terms as tvrwuohite or 
pmchieck-br(ywn, the metallic colour so denoted ought 
to occur at once to our recollection without delay or 
search. The observer's senses, therefore, must be edu- 
cated, at first by an actual exhibition of the standard, 
and afterwards by a familiar use of it, to understand 
readily and clearly each phrase and degree of the scales 
which in his observations he has to apply. This is not 
only the best, but in many cases the only way in which 
the observation can be expressed. Thus glassy lustre, 
fcUty lu8t/re, (idama/rUine IvsPre, denote certain kinds of 
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shining in minerals, which appearances we should 
endeavour in vain to describe by periphrasis; and 
which the terms, if considered as terms in common 
language, would by no means clearly discriminate : for 
who, in common language, would say that coal has a 
fetty lustre 1 But these terms, in their conventional 
sense, are perfectly definite ; and when the eye is once 
familiarized with this application of them, are easily 
and clearly intelligible. 

27. The education of the senses, which is thus 
requisite in order to understand well the terminology 
of any science, must be acquired by an inspection of 
the objects which the science deals with ; and is, per- 
haps, best promoted by the practical study of Natural 
History. In the different departments of Natural 
History, the descriptions of species are given by means 
of an extensive technical terminology: and that educar 
tion of which we now speak, ought to produce the effect 
of making the observer as familiar with each of the terms 
of this terminology as we are with the words of our 
common language. The technical terms have a much 
more precise meaning than other terms, since they are 
defined by express convention, and not learnt by com- 
mon usage merely. Yet though they are thus defined, 
not the definition, but the perception itself is that 
which the term suggests to the proficient. 

In order to use the terminology to any good pur- 
pose, the student must possess it, not as a (Hctionary, 
but as a language. The terminology of his sciences 
must be the natural historian's most familiar tongue. 
He must learn to think in such language. And when 
this is achieved, the terminology, as I have elsewhere 
said, though to an uneducated eye cumbrous and 
pedantical, is felt to be a useful implement, not an op- 
pressive burden". The impatient schoolboy looks upon 
his grammar and vocabulary as irksome and burden- 
some; but the accomplished student who has learnt 
the language by means of them, knows that they have 
given him the means of expressing what he thinks, and 
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even of thinkmg more precisely. And as the study of / 
language thus gives precision to the thoughts, the study [ 
of Natural History, and especially of the descriptive 
part of it. gives precision to the senses. 

The liiucation of the Senses is also greatly pro- 
moted by the practical pursuit of any science of ex- 
periment and observation, as chemistry or astronomy. 
The methods of manipulating, of which we have just 
spoken, in chemistry, and the methods of measuring 
extremely minute portions of space and time which are 
employed in astronomy, and which are described in 
the former part of this chapter, are among the best 
modes of educating the senses for purposes of scientific 
observation. 

28. By the various Methods of precise observation 
which we have thus very briefly described, facts are 
collected, of an exact and definite kind ; they are then 
bound together in general laws, by the aid of general 
ideas and of such methods as we have now to consider. 
It is true, that the ideas which enable us to combine 
facts into general propositions, do commonly operate in 
our minds while we are still engaged in the office of 
observing. Ideas of one kind or other are requisite to 
connect our phenomena into facts, and to give mean- 
ing to the terms of our descriptions : and it frequently 
happens, that long before we have collected all the 
fjBicte which induction requires, the mind catches the 
suggestion which some of these ideas offer, and leaps 
forwards to a conjectural law while the labour of obser- 
vation is yet unfinished. But though this actually 
occurs, it is easy to see that the process of combining 
and generalizing facts is, in the order of nature, pos- 
terior to, and distinct from, the process of observing 
facts. Not only is this so, but there is an intermediate 
step which, though inseparable from all successful 
generalization, may be distinguished . fix)m it in our 
survey; and may, in some degree, be assisted by pecu- 
liar methods. To the consideration of such methods 
we now proceed. 
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^ ' CHAPTER III. 

Op Methods op acquiring clear Scientific Ideas ; 
and first op Intellectual Education. 



Aphorism XXIX. 

The Methods hy which the acquisition of clear Scientific 
Ideas is promoted, are mainly/ two ; Intellectual Education 
and Discussion of Ideas. 

Aphorism XXX. 

The Idea of Space becomes more clear hy studying Geo- 
metry; the Idea of Force, by studying Mechanics; the Ideas 
of Likeness, of Kind, of Subordination of Classes, by studying 
Natural History. 

Aphorism XXXI. 

Elementary Mechanics should now form a part ofintet- 
lectual education, in order that the student may understand 
the Theory of Universal Gravitation: for an intellectual 
education should cultivate such ideas as enable the student to 
understand the most complete and admirable portions of the 
knowledge which the human race has attained to. 

Aphorism XXXII. 

Natural History ought to form a part of intellectual edu' 
cation, in order {o correct certain prejudices which arise from 
cultivating the intellect by means of mathematics alone; and 
in order to lead the student to see that the division of things 
into Kinds, and the attribution and use of Names, are pro* 
cesses susceptible of great precision. 
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r[E ways in whicli men become masters of 'those 
clear and yet comprehensive conceptions wHch 
the formation and reception of science require, are 
mainly two; which, although we cannot reduce them 
to any exact scheme, we may still, in a loose use of 
the term, call Methods of acquiring clear Ideas. These 
two ways are Education and Discussion. 

I. (L) Idea of Space, — It is easily seen that Edu--\ 
cation may do at least something to render our ideas i 
distinct and precise. To learn Geometry in youth, j 
tends, manifestly, to render our idea of space clear and 
exact. By such an education, all the relations, and all 
the consequences of this idea, come to be readily and 
steadily apprehended ; and thus it becomes easy for us 
to understand portions of science which otherwise we 
should by no means be able to comprehend. The con- 
ception of simUa/r triangles was to be mastered, before 
the disciples of Thales could see the validity of his 
method of determining the height of lofty objects by 
the length of their shadows. The conception of the 
sphere with its circles had to become £Etmiliar, before 
the annual motion of the sun and its influence upon 
the lengths of days could be rightly traced. The pro- 
perties of circles, combined with the ptire^ doctrine of 
Tnotion, were required as an introduction to the theory 
of Epicycles: the properties of conic sections were 
needed, as a preparation for the discoveries of Kepler. 
And not only was it necessary that men should possess 
a knowledge of certain figures and their properties; but 
it was equally necessary that they should have the 
habit of reasoning with perfect steadiness, precision^ ^ 
and conclusiveness concerning the relations of space. 
No small discipline of the mind is requisite, in most 
cases, to accustom it to go, with complete insight and 
security, through the demonstrations respecting inter- 
secting planes and lines, dihedral and trihedral angles, 
which occur in solid geometry. Yet how absolutely 
necessary is a perfect mastery of such reasonings, to 
him who ia to explain the motions of the moon in 
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latitude and longitude ! How necessary, again, is the 
same faculty to the student of crystallography ! With- 
out mathematical habits of conception and of thinking, 
these portions of science are perfectly inaccessible. But 
the early study of plane and solid geometry gives to 
all tolerably gifted persons, the habits which are thus 
needed. The discipline of following the reasonings of 
didactic works on this subject, till we are quite familiar 
with them, and of devising for ourselves reasonings of 
the same kind, (as, for instance, the solutions of pro- 
blems proposed,) soon gives the mind the power of dis- 
coursing with perfect facility concerning the most 
complex and multiplied relations of space, and enables 
us to refer to the properties of all plane and solid 
figures as surely as to the visible forms of objects. 
Thus we have here a signal instance of the efficacy of 
education in giving to our Conceptions that clearness, 
which the formation and existence of science indispen- 
sably require. 

2. It is not my intention here to enter into the 
details of the form which should be given to education, 
in order that it may answer the purposes now contem- 
plated. But I may make a remark, which the above 
examples naturally suggest, that in a mathematical 
education, considered as a preparation for furthering 
or understanding physical science, Greometry is to be 
cultivated, far rather than Algebra : — ^the properties of 
space are to be studied and reasoned upon as they are 
in themselves, not as they are replaced and disguised 
by symbolical representations. It is true, that when 
the student is become quite familiar with elementary 
geometry, he may often enable himself to deal in a 
more rapid and comprehensive manner with the rela- 
tions of space, by using the language of symbols and 
the principles of symbolical calculation : but this is an 
tdterior step, which may be added to, but can never be 
substituted for, the direct cultivation of geometry. 
The method of symbolical reasoning employed upon 
subjects of geometry and mechanics, has certainly 
achieved some remarkable triumphs in the treatment 
of the theory of the universe. These successful appli- 



Digitized 



by Google 



INTELLECTUAL EDUCATION. 1 67 

cations of symbols m the highest problems of physical 
astronomy appear to have made some teachers of mathe- 
matics imagine that it is best to begin the pupil's course 
with such symbolical generalities. But this mode of 
proceeding will be so far from giving the student cleai^ 
ideas of mathematical relations, that it will involve 
him in utter confusion, and probably prevent his ever 
obtaining a firm footing in geometry. To commence 
mathematics in such a way, would be much as if we 
should begin the study of a language by reading the 
highest strains of its lyrical poetry. 

3. (II.) Idea of Nwmhefr^ d:c, — ^The study of mathe- 
matics, as I need hardly observe, developes and renders 
exact, our conceptions of the relations of number, as 
well as of space. And although, as we have already 
noticed, even in their original form the conceptions of 
number are for the most part very distinct, they may 
be still further improved by such discipline. In com- 
plex cases, a methodical cultivation of the mind in such 
subjects is needed : for instance, questions concerning 
Cycles, and Intercalations, and Epacts, and the like, 
require very great steadiness of arithmetical apprehen- 
sion in order that the reasoner may deal with them 
rightly. In the same manner, a mastery of problems 
belonging to the science of Pure Motion, or, as I have 
termed it, Mechcmism, requires either great natural 
aptitude in the student, or a mind properly disci- 
plined by suitable branches of mathematical study. 

4. Arithmetic and Geometry have long been standard 
portions of the education of cultured persons through- 
out the civilized world ; and hence all such persons have 
been able to accept and comprehend those portions of 
science which depend upon the idea of space: for in- 
stance, the doctrine of the globular form of the earth, 
with its consequences, such as the measures of latitude 
and longitude; — ^the heliocentric system of the universe 
in modem, or the geocentric in ancient times; — ^the 
explanation of the rainbow; and the like. In nations 
where there is no such education, these portions of 
science cannot exist as a part of the general stock of 
the knowledge of society, however intelligently they 
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may be pursued by single pbilosopliers dispersed here 
and there in the commnity. 

5. (III.) Idea of Force, — ^As the idea of Space is 
brought out in its full evidence by the study of Geo- 
metry, so the idea of Force is called up and developed 
by the study of the science of Mechanics. It has 
already been shown, in our scrutiny of the Ideas of the 
Mechanical Sciences, that Force, the Cause of motion 
or of equilibriimi, involves an independent Fundamental 
Idea, and is quite incapable of being resolved into any 
mere modification of our conceptions of space, time, 
and motion. And in order that the student may pos- 
sess this idea in a precise and manifest shape, he must 
pursue the science of Mechanics in the mode which 
this view of its nature demands; — ^that is, he must 
study it as an independent science, resting on solid 
elementary principles of its own, and not built upon 
some other Tinmechanical science as its substructure. 

H He must trace the truths of Mechanics from their own 
i^ axioms and definitions; these axioms and definitions 
\ being considered as merely means of bringing into 
' ' play the Idea on which the science depends. The con- 
ceptions of force and matter, of action and reaction, of 
momentimi and inertia, with the reasonings in which 
they are involved, cannot be evaded by any substitu- 
tion of lines or symbols for the conceptions. Any at- 
tempts at such substitution would render the study of 
Mechanics useless as a preparation of the mind for 
physical science; and woiQd, indeed, except counter- 
acted by great natural clearness of thought on such 
subjects, fill the mind with confused and vague notions, 
quite imavailing for any purposes of sound reasoning. 
But, on the other hand, the study of Mechanics, in its 
genuine form, as a branch of education, is fitted to give 
a most useful and valuable precision of thought on 
such subjects; and is the more to be recommended, 
since, in the general habits of most men's minds, the 
mechanical conceptions are tainted with far greater ob- 
scurity and perplexity than belongs to the conceptions 
of number, space, and motion. 

6. As habitually distinct conceptions of s'pajce and 
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motion were requisite for the reception of the doctrines 
of formal astronomy, (the Ptolemaic and Copemican 
system,) so a clear and steady conception of force is in- 
dispensably necessary for understanding the Newtonian 
system of physical astronomy. It may be objected 
that the study of Mechanics as a science has not 
commonly formed part of a liberal education in Europe, 
and yet l^t educated persons have commonly accepted 
the Newtonian system. But to this we reply, that al- 
though most persons of good intellectual culture have 
professed to assent to the Newtonian system of the uni'- 
verse, yet they have, in fact, entertained it in so vague 
and perplexed a manner as to show very clearly that a 
better mental preparation than the usual one is neces- 
sary, in order that such persons may really understand 
the doctrine of universal attraction. I have elsewhere 
spoken of the prevalent indistinctness of mechanical 
conceptions*; and need not here dwell upon the indi- 
cations, constantly occurring in conversation and in 
literature, of the utter inaccuracy of thought on such 
subjects which may often be detected; for instance, in 
the mode in which many men speak of centrifugal and 
centripetal forces; — of projectile and central forces; — 
of the effect of the moon upon the waters of the ocean ; 
and the like. The incoherence of ideas which we 
frequently witness on such points, shows us clearly 
that, in the minds of a great number of men, well 
educated according to the present standard, the accept- 
ance of the doctrine of Universal Gravitation is a result 
of traditional prejudice, not of rational conviction. 
And those who are Newtonians on such grounds, are 
not at all more intellectually advanced by being New- 
tonians in the nineteenth century, than they would 
have been by being Ptolemaics in the fifteenth. ^ 

7. It is undoubtedly in the highest degree desirably 
that all great advances in science should become th^ 
common property of all cultivated men. And this caui 
only be done by introducing into the course of a liberal' 
education such studies as unfold and fix in men's minds 



s Eigi. 8c Ideas, b. UL c. x. 

Digitized by VjOOQIC 



170 FORMATION OF SCIENCE. 

the fundamental ideas upon which the new-discovered 
truths rest. The progress made by the ancients in 
geography, astronomy, and other sciences, led them to 
assign, wisely and well, a place to arithmetic and geo- 
metry among the steps of an ingenuous education. The 
discoveries of modem times have rendered these steps 
still more indispensable; for we cannot consider a man 
as cultivated up to the standard of his times, if he is 
not only ignorant of, but incapable of comprehending, 
the greatest achievements of the human intellect. And 
as innumerable discoveries of all ages have thus secured 
to Geometry her place as a part of good education, so 
the great discoveries of Newton make it proper to in- 
troduce Elementary Mechanics as a part of the same 
course. If the education deserve to be called good, 
the pupil will not remain ignorant of those discoveries, 
the most remarkable extensions of the field of human 
knowledge which have ever occurred. Yet he cannot 
by possibility comprehend them, except his mind be 
previously disciplined by mechanical studies. The pe- 
riod appears now to be arrived when we may venture, 
or rather when we are bound to endeavour, to include 
a new class of Fundamental Ideas in the elementarj^ 
discipline of the human intellect. This is indispensa- 
ble, if we wish to educe the powers which we know 
that it possesses, and to enrich it with the wealth which 
lies within its reach ^ 

8. By the view which is thus presented to us of the 
nature and objects of intellectual education, we are led 
to consider the mind of man as undergoing a progress 
from age to age. By the discoveries which are made, 
and by the clearness and evidence which, after a time, 
(not suddenly nor soon,) the truths thus discovered ac- 
quire, one portion of knowledge after another becomes 
elementa/ry ; and if we would really secure this pro- 
gress, and make men share in it, these new portions 
must be treated as elementary in the constitution of a 



» The University of Cambridge has, tion in Elementary Mechanics requi- 
by a recent law, made an examina- site for the Degree of B. A. 
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liberal education. Even in the rudest forms of intelli- 
gence, man is immeasurably elevated above the unpro- 
gressive brute, for the idea of number is so far deve- 
loped that he can count his flock or his arrows. But 
when number is contemplated in a speculative form, he 
has made a vast additional progress ; when he steadily 
apprehends the relations of space, he has again ad- 
vanced; when in thought he carries these relations into 
the vault of the sky, into the expanse of the universe, 
he reaches a higher intellectual position. And when 
he carries into these wide regions, not only the rela- 
tions of space and time, but of cause and effect, of 
force and reaction, he has again made an intellectual 
advance; which, wide as it is at first, is accessible to 
all; and with which all should acquaint themselves, if 
they really desire to prosecute with energy the ascend- 
ing path of truth and knowledge which lies before 
them. This should be an object of exertion to all in- 
genuous and hopeful minds. For, that exertion is 
necessary, — ^that after all possible facilities have been 
afforded, it is still a matter of toil and struggle to 
appropriate to ourselves the acquisition^ of great dis- 
coverers, is not to be denied. Elementary mechanics, 
like elementary geometry, is a study accessible to all : 
but like that too, or perhaps more than that, it is a 
study which requires effort and contention of mind, — a 
forced steadiness of thought. It is long since one com- 
plained of this labour in geometry; and was answered 
that in that region there is no Royal Road. The same 
is true of Mechanics, and must be true of all branches 
of solid education. But we should express the truth 
more appropriately in our days by saying that there is 
no Popula/t Road to these sciences. In the mindj as 
in the body, strenuous exercise alone can give strength 
and activity. The art of exact thought can be acquired 
only by the labour of close thinking. 

9. (IV.) Chemical Ideas, — ^We appear then to have 
arrived at a point of human progress in which a liberal 
education of the scientific intellect should include, be- 
sides arithmetic, elementary geometry and mechanics. 
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The question then occurs to us, whether there are any 
other Fundamental Ideas, among those belonging to 
other sciences, which ought also to be made part of 
such an education; — ^whether, for example, we should 
strive to develope in the minds of all cidtured men 
the ideas oi polarity, mechanical and chemical, of which 
we spoke in a former part of this work. 

The views to which we have been conducted by the 
^previous inquiry lead us to reply that it would not be 
; well at present to make chemical Polarities, at any 
' rate, a subject of elementary instruction. For even 
J the most profound and acute philosophers who have 
speculated upon this subject, — ^they who are leading 
the van in the march of discovery,— -do not seem yet 
to have reduced their thoughts on this subject to a 
consistency, or to have taken hold of this idea of Po- 
larity in a manner quite satisfactory to their own 
minds. This part of the subject is, therefore, by no 
means ready to be introduced into a course of general 
elementary education; for, with a view to such a pur- 
pose, nothing less than the most thoroughly luminous 
and transparent condition of the idea will suffice. Its 
whole efficacy, as a means and object of discipilinal 
* study, depenck upon there being no obscurity, per- 
plexity, or indefiniteness with regard to it, beyond that 
transient deficiency which at first exists in the learn- 
er's mind, and is to be removed by his studies. The 
idea of chemical Polarity is not yet in this condition; 
and therefore is not yet fit for a place in education. 
Yet since this idea of Polarity is the most general idea 
which enters into chemistry, and appears to be that 
which includes almost all the others, it would be un- 
philosophical, and inconsistent with all sound views of 
science, to introduce into education some chemical 
conceptions, and to omit those which depend upon this 
idea : indeed such a partial adoption of the science 
could hardly take place without not only omitting, but 
misrepresenting, a great part of our chemical know- 
ledge. The conclusion to which we are necessarily 
l^led, therefore, is this: — ^that at present chemistry can- 
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I 
not with any advantage, form a portion of tlie general 
intellectual education \ ^ 

10. (V.) Noftural-Hiatory Ideas, — But there re- 
mains still another class of Ideas, with regard to 
which we may very properly ask whether they may 
not advantageously form a portion of a liberal educa- 
tion : I mean the Ideas of definite Resemblance and 
Difference, and of one set of resemblances subordinate i 
to another, which form the bases of the classificatory 
sciences. These Ideas are developed by the study of 
the various branches of Natural History, as Botany, 
and Zoology; and beyond all doubt, those pursuits, if 
assiduously followed, very materially affect the mental 
habits. There is this obvious advantage to be looked 
for from the study of Natural History, considered as ! 
a means of intellectual discipline : — ^that it gives us, in 
a precise and scientific form, examples of the classing 
and naming of objects; which operations the use of 
common language leads us constaiitly to perform in a 
loose and inexact way. In the usual habits of our 
minds and tongues, things are distinguished or brought 
together, and names are applied, in a manner very in- 
definite, vacillating, and seemingly capricious : and we 
may naturally be led to doubt whether such defects 
can be avoided; — ^whether exact distinctions of things, 
and rigorous use of words be possible. Now upon this 
point we may receive the instruction of Natural His- 
tory; which proves to us, by the actual performance of 
the task, that a precise classification and nomenclature 
are attainable, at least for a mass of objects all of the 
same kind. Further, we also learn from this study, 
that there may exist, not only an exact distinction of 
kinds of things, but a series of distinctions, one set 
subordinate to another, and the more general including 



^ I do not here stop to prove that frare cannot even understand the 

an edacation (if it be bo called) in words in which its doctrines are ez- 

which the memory only retains the pressed, is of no value whatever to 

verbal expression of results, while the intellect^ but rather, is highly 

the mind does not apprehend the hurtfU to the habits of thinking and 

principles of the subject, and there- reasoning. 
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the more special, so as to form a system of classifica- 
tion. All these are valuable lessons. If by the study 
of Natural History we evolve, in a clear and well de- 
fined form, the conceptions of germs, species, and of 
/higher and loioer steps of classification, we communi- 
cate precision, clearness, and method to the intellect, 
through a great range of its operations. 

11. It must be observed, that in order to attain the 
disciplinal benefit which the study of Natural History 
is fitted to bestow, we must teach the natural not the 
artificial classifications; or at least the natural as well 
as the artificial. For it is important for the student to 
perceive that there are classifications, not merely arbi- 
trary, founded upon some assumed character, but na- 
tural, recognized by some c?wc(w?erec? character : he ought 
to see that our classes being collected according to one 
mark, are confirmed by many marks not originally stated 
in our scheme; and are thus found to be grouped 
together, not by a single resemblance, but by a mass of 
resemblances, indicating a natural affinity. That ob- 
jects may be collected into such groups, is a highly im- 
portant lesson, which Natural History alone, pursued 
as the science of natu/ral classes, can teach. 

12. Natural History has not unfrequently been 
made a portion of education : and has in some degree 
produced such effects as we have pointed out. It 
would appear, however, that its lessons have, for the 

/most part, been very imperfectly learnt or understood 
' by persons of ordinary education : and that there are 
perverse intellectual habits very commonly prevalent 
in the cultivated classes, which ought ere now to have 
been corrected by the general teaching of Natural 
' History. We may detect among speculative men 
many prejudices respecting the natxu-e and rules of 
reasoning, which arise from pure mathematics having 
been so long and so imiversally the instrument of in- 
tellectual cidtivation. Pure Mathematics reasons fi'om 
definitions : whatever term is introduced into her 
pages, as a circle, or a squa/re, its definition comes along 
with it ; and this definition is supposed to supply all 
that the reasoner needs to know, respecting the term. 
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If there be any doubt concerning the validity of the 
conclusion, the doubt is resolved by recurring to the 
definitions. Hence it has come to pass that in other 
subjects also, men seek for and demand definitions as 
the most secure foundation of reasoning. The defini- 
tion and the term defined are conceived to be so far 
identical, that in all cases the one may be substituted 
for the other; and such a substitution is held to be 
the best mode of detecting fallacies. 

13. It has already been shown that even geometry 
is not founded upon definitions alone: and we shall 
not here again analyse the fallacy of this belief in the 
supreme value of definitions. But we may remark [ 
that the study of Natural History appears to be the 
proper remedy for this erroneous habit of thought. Fori 
in every depaaiiment of Natural History the object of j 
our study is kinds of things, not one of which kinds 
can be rigorously defined, yet all of them are suffi- 
ciently definite. In these cases we may indeed give a 
specific description of one of the kinds, and may eall it 
a definition; but it is clear that such a definition does 
not contain the essence of the thing. We say* that the 
Hose Tribe are * Polypetalous dicotyledons, with lateral 
styles, superior simple ovaria, regular perigynous sta- 
mens, exalbuminous definite seeds, and alternate stipu- 
late leaves.' But no one would say that this was our 
essential conception of a rose, to be substituted for it 
in all cases of doubt or obscurity, by way of making 
our reasonings perfectly clear. Not only so; but as 
we have already seen*, the definition does not even 
apply to all the tribe. For the stipulse are absent in 
Lowea: the albumen is present in Neillia: the firuit of 
Spirsea sorbifolia is capsular. If, then, we can possess 
any certain knowledge in Natural History, (which no 
cultivator of the subject will doubt,) it is evident that 
our knowledge cannot depend on the possibility of lay- 
ing down exact definitions and reasoning from them. 

14. But it may be asked, if we cannot define a 



» Lindley's Nat. Syd. BoL p. 81. 
« Hist, 8c likas, b. Till c. U. sect 3. 
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word, or a class of things which a word denotes, how 
can we distinguish what it does mean from what it 
does not mean ? How can we say that it signifies one 
thing rather than another, except we declare what is 
its signification 1 

The answer to this question involves the general 
principle of a natural method of classification, which 
has already been stated' and need not here be again 
dwelt on. It has been shown that names of kinds of 
things (genera) associate them according to total re- 
semblances, not partial characters. The principle 
which connects a group of objects in natural history is 
not a definition, but a type. Thus we take as the type 
of the Rose family, it may be, the common tinld rose; 
all species which resemble this flower more than they 
resemble any other group of species are also roses, and 
form one gefnus. All genera which resemble Hoses 
more than they resemble any other group of genera 
are of the same family. And thus the Eose family 
is collected about some one species, which is the type 
or central point of the group. 

In such an arrangement, it may readily be conceived 
that though the nucleus of each group may cohere 
firmly together, the outskirts of contiguous groups 
may approach, and may even be intermingled, so that 
some species may doubtfully adhere to one group or 
another. Yet this uncertainty does not at all affect 
the truths which we find ourselves enabled to assert 
with regard to the general mass of each group. And 
thus we are taught that there may be very important 
differences between two groups of objects, although we 
are unable to tell where the one group ends and where 
the other begins; atid that there may be propositions 
of indisputable truth, in which it is impossible to give 
unexceptionable definitions of the terms employed. 

15. These lessons are of the highest value with 
regard to all employments of the human mind; for the 
mode in which words in common use acquire their 
meaning, approaches far more nearly to the Method of 
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Type than to the method of definition. The terms 
whioh belong to our practical concerns, or to our spon- 
taneous and unscientific speculations, are rarely capable 
of exact definition. They have been devised in order 
to express assertions, often very important, yet very 
vaguely conceived : and the signification of the word is 
extended, as far as the assertion conveyed by it can be 
extended, by apparent connexion or by analogy. And 
thus, in all the attempts of man to grasp at knowledge, 
"we have an exemplification of that which we have 
stated as the rule of induction, that Definition and 
Proposition are mutually dependent, each adjusted so 
as to give value and meaning to the other : and this is 
so, even when both the elements of truth are defective 
in precision : the Definition being replaced by an in- 
complete description or a loose reference to a Type; ^ 
and the Proposition being in a corresponding degree ^ 
insecure. 

16. Thus the study of Natural History, as a cor- 1 
rective of the belief that definitions are essential to | 
substantial truth, might be of great use; and the ad- 
vantage which might thus be obtained is such as well | 
entitles this study to a place in a liberal education.) 
We may further observe, that in order that Natural/ 
History may produce such an effect, it must be studied) 
by inspection of the objects themselves, and not by the 
reading of books only. Its lesson is, that we must iA 
all cases of doubt or obscurity refer, not to words or\ 
definitions, but to things. The Book of Nature is its 
dictionary : it is there that the natural historian looks, 
to find the meaning of the words which he uses®. So 



" It is a carious example of the the knowledge thus conveyed. Thus, 

influence of the belief in definitions, *Iron is a well-known hard metal, of 

that elementary books have been a darkish gray colour, and very elas- 

written in which Natural History is tic:' * Copper is an orange-coloured 

taught in the way of question and metal, more sonorous than any other, 

answer, and consequentlyby means of and the most elastic of any except 

words alone. In such a scheme, of iron.' This is to pervert the meaning 

course all objects are d^fkved: and we of education, and to make it a bust- 

may easily anticipate the value of ness of mere words. 
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long as a plants in its most essential parts, is more like 
a rose than any thing else^ it i8 a rose. He knows no 
other definition. 

17. (VI.) Well-eatahliahed Ideas alone to he used, — 
We may assert in general what we have elsewhere, as 

p above, stated speciadly with reference to the fundamental 
principles of chemistry : — ^no Ideas are suited to become 
the elements of elementary education, till they have not 
only become perfectly distinct and fixed in the minds 
of the leading cultivators of the science to which they 
belong; but till they have been so for some considerable 
period. The entire clearness and steadiness of view 
which is essential to sound science, must have time to 

U extend itself to a wide circle of disciples. The views 
and principles which are detected by the most profound 
and acute philosophers, are soon appropriated by all the 
most intelUgent and active minds of their own and of 
the following generations; and when this has taken 
place, (and not till then,) it is right, by a proper con- 
stitution of our liberal education, to extend a general 
knowledge of such principles to all cultivated persons. 
And it follows, firom this view of the matter, that we 
are by no means to be in haste to adopt, into our 
course of education, all new discoveries as soon as they 
are made. They require some time, in order to settle 
into their proper place and position in men's minds, 
and to show themselves under their true aspects ; and 
till this is done, we confiise and disturb, rather than 
enlighten and unfold, the ideas of learners, by intro- 
ducing the discoveries into our elementary instruction. 
Hence it was perhaps reasonable that a century should 
elapse from the time of Gralileo, before the rigorous 
teaching of Mechanics became a general element of in- 
tellectual training; and the doctrine of Universal Gra- 
vitation was hardly ripe for such an employment till 
the end of the last century. We must not direct the 
unformed youthftd mind to launch its little bark upon 
the waters of speculation, till all the agitation of dis- 
covery, with its consequent fluctuation and contro- 
versy, has well subsided. 

18, But it may be asked, How is it that time ope^ 
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rates to give distinotness and evidence to scientific 
ideas? In what way does it happen that views and 
principles, obscure and wavering at first, after a while 
become luminous and steady? Can we point out any 
process, any intermediate steps, by which this result is 
produced? If we can, this process must be an impor- 
tant portion of the subject now under our consideration* 
To this we reply, that the transition ftom. the hesi- 
tation and contradiction with which true ideas are first 
received, to the general assent and clear apprehension 
which they afterwards obtain, takes place through 
the circulation of various arguments for and against 
them, and various modes of presenting and testing 
them, all which we may include under the term Dis- 
cussvon^ which we have already mentioned as the 
second of the two ways by which scientific views are 
developed into full maturity. 
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CHAPTER IV. 

Op Methods op acqihring clear Scientipic Ideas, 
corUiniied. — Op the Discussion op Ideas. 



Aphorism XXXIIL 

The conceptions involved in scientific truths have attained 
ths requisite degree of clearness by means of the Discussions 
respecting ideas which have taken place among discoverers 
and their followers. Sttch discussions are very far from 
being unprofitable to science. They are metaphysical, and 
must be so: the difference between discoverers and barren 
reasoners is, that the former employ good, and the latter bad 
metaphysics. 

I. TT is easily seen that in every part of science, the 
X establislunent of a new set of ideas has been ac- 
companied with mnch of doubt and dissent. And by 
means of discussions so occasioned, the new concep- 
tions, and the opinions which involve them, have gra- 
dually become definite and clear. The authors and 
asserters of the new opinions, in order to make them 
defensible, have been compelled to make them consist- 
ent: in order to recommend them to others, they have 
been obliged to make them more entirely intelligible 
to themselves. And thus the Terms which formed the ^ 
main points of the controversy, although applied in a 
loose and vacillating maimer at first, have in the end 
become perfectly definite and exact. The opinions dis- 
cussed have been, in their main features, the same 
throughout the debate; but they have at first been 
dimly, and at last clearly apprehended : like the objects 
of a landscape, at which we look through a telescope 
ill adjusted, till, by sliding the tube backwards and 
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forwards, we at last bring it into focus, and perceive 
every feature of the prospect sharp and bright. 

2. We have in the last Book* fully exempli- 
fied this gradual progress of conceptions from obscu- 
rity to clearness by means of Discussion. We have 
seen, too, that this mode of treating the subject has 
never been successful, except when it has been asso- 
ciated with an appeal to &cts as well as to reasonings. 
A combination of experiment with argument, of ob- 
servation with demonstration, has always been found 
requisite in order that men should arrive at those dis- 
tinct conceptions which give them substantial truths. 
The arguments used led to the rejection of undefined, 
ambiguous, self-contradictory notions; but the refer- 
ence to facts led to the selection, or at least to the re- 
tention, of the conceptions which were both true and 
usefuL The two correlative processes, definition and 
true assertion, the formation, of clear ideas and the in- 
duction of laws, went on together. 

Thus those discussions by which scientific concep- 
tions are rendered ultimately quite distinct and fixed, 
include both reasonings from Principles and illustra- 
tions from Facts. At present we turn our attention 
moi*e peculiarly to the former part of the process; ac- 
cording to the distinction already drawn, between the 
Explication of Conceptions and the Colligation of Facts. 
The Discussions of which we here speak, are the Me- 
thod (if they may be called a method) by which the 
Explication of Conceptions is carried to the requisite 
point among philosophers. 

3. In the History of the Fundamentid Ideas of the 
Sciences which forms the Prelude to this work, and 
in the History of the Inductive Sciences, 1 have, in 
several instances, traced the steps by which, histori- 
cally speaking, these Ideas have obtained their ulti- 
mate and permanent place in the minds of speculative 
men. I have thus exemplified the reasonings and con- 
troversies which constitute such Discussion as we now 
speak o£ I have stated, at considerable length, the 
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various attempts, failures, and adyances, by wWcli the 
ideas which enter into the science of Mechanics were 
evolved into their present evidence. In like manner 
we have seen the conception of refracted rays of light, 
obscure and confused in Seneca, growing clearer in 
Roger Bacon, more definite in Descartes, perfectly dis- 
tinct in Newton. The fdUmty of light, at first con- 
templated with some perplexity, became very distinct 
to Malus, Young, and Fresnel; yet the phenomena of 
drcidar polarization, and still more, the drctdar pola- 
rization of fluids, leave us, even at present, some dif- 
ficulty in fully mastering this conception. The related 
pola/ritiea of electricity and magnetism are not yet 
fully comprehended, even by our greatest philosophers. 
One of Mr. Faraday's late papers (the Fourteenth Se- 
ries of his Researches) is employed in an experimental 
discussion of this subject, which leads to no satisfactory 
result. The controversy between MM. Biot and Am- 
pere^, on the nature of the Elementary Forces in elec- 
tro-dynamic action, is another evidence that the discus- 
sion of this subject has not yet reached its termination. 
With regard to chemical polarity, I have already stated 
that this idea is as yet very far from being brought to 
an ultimate condition of definiteness; and the subject 
of Chemical Forces, (for that whole subject must be in- 
cluded in this idea of polarity,) which has already oc- 
casioned much perplexity and controversy, may easily 
occasion much more, before it is settled to the satis- 
faction of the philosophical world. The ideas of the 
classificatory sciences also have of late been undergoing 
much, and very instructive discussion, in the contro- 
versies respecting the relations and offices of the na- 
tural and artificial methods. And with regard to phy- 
eiological ideas, it would hardly be too much to say, 
that the whole history of physiology up to the present 
time has consisted of the discussion of the fundamental 
ideas of the science, such as Vital Forces, Nutrition, 
Reproduction, and the like. We had before us at 
some length, in the History 0/ Scientific Ideas, a review 



9Hi8t.Ind.Sc.h,jm.c6. 



Digitized 



by Google 



DISCUSSION OF IDEAS. 1 8 3 

of the opposite opinions wliicli have been advanced 
on this subject; and we attempted in some degree tO 
estimate the direction in which these ideas are perma- 
nently settling. But without attaching any importance 
to this attempt, the account there given may at least 
serve to show, how important a share in the past pro- 
gress of this subject the diacussimb of its Fundamental 
Ideas has hitherto had. 

4. There is one reflexion which is very pointedly 
suggested by what has been said. The manner in 
which our scientific ideas acquire their distinct and 
ultimate form being such as has been described, — 
always involving much abstract reasoning and analysis 
of our conceptions, often much opposite argumentation 
and debate; — ^how unphilosophical is it to speak of 
abstraction and analysis, of dispute and controversy, as 
frivolous and unprofitable processes, by which true 
science can never be benefitted; and how erroneous 
to put such employments in antithesis with the study 
of facts! 

Yet some writers are accustomed to talk with con-» 
tempt of all past controversies, and to wonder at the 
blindness of those who did not at first take the view 
which was established ai last. Such persons forget 
that it was precisely the controversy, which establiihed 
among speculative men that final doctrine which they 
themselves have quietly accepted. It is true, they 
have had no difficulty in thoroughly adopting the 
truth; but that has occurred because all dissentient 
doctrines have been suppressed and forgotten ; and be- 
cause systems, and books, and language itself, have 
been accommodated peculiarly to the expression of 
the accepted truth. To despise those who have, by 
their mental struggles and conflicts, brought the sub- 
ject into a condition in which errour is almost out of 
- our reach, is to be ungrateful exactly in proportion to 
the amount of the benefit received. It is as if a child, 
when its teacher had with many trials and much 
trouble prepared a telescope so that the vision through 
it was distinct, should wonder at his stupidity in push- 
ing the tube of the eye-glass out and iii so often. 
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5. Again, some persons condemn all that we have 
here spoken of as the discussion of ideas, terming it 
metaphysical: and in this spirit, one writer* has 
spoken of the 'metaphysical period' of each science, 
as preceding the period of * positive knowledge.* But 
as we have seen, that process which is here termed 
'metaphysical,' — ^the analysis of our conceptions and 
the exposure of their inconsistencies, — (accompanied 
with the study of fects,) — ^has always gpne on most 
actively in the most prosperous periods of each science. 
There is, in Galileo, Kepler, Gassendi, and the other 
fathers of mechanical philosophy, as much of metor 
physics as in their adversaries. The main difference 
is, that the metaphysics is of a better kind; it is more 
conformable to metaphysical trutL And the same is 
the case in other sciences. Nor can it be otherwise. 
For all truth, before it can be consistent with factSy 
must be consistent with Usdf: and although this rule 
is of undeniable authority, its application is often fer 
from easy. The perplexities and ambiguities which 
arise from our having the same idea presented to us 
under different aspects, are often difficult to disen- 
tangle: and no common acuteness and steadiness of 
thought must be expended on the task. It would be 
eas^to adduce, from the works of all great discoverers, 
passages more profoundly metaphysical than any whidi 
are to be found in the pages of bairen d, priori reasoners. 

6. As we have said, these metaphysical discussions 
are not to be put in opposition to the study of facts; 
but are to be stimulated, nourished and directed by a 
constant recourse to experiment and observation. The 
cultivation of ideas is to be conducted as having for 
its object the connexion of £9i.cts; never to be pursued 
as a mere exercise of the subtilty of the mind, striving 
to bmld up a world of its own, and neglecting that 
which exists about us. For although man may in this - 
way please himself and admire the creations of his 
own brain, he can never, by this course, hit upon the 
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real scheme of nature. With his ideas unfolded by 
education, sharpened by controversy, rectified by meta- 
physics, he may understand the natural world, but he 
cannot invent it. At every step, he must try the value 
of the advances he has made in thought, by appljdng 
his thoughts to things. The Explication of Concep- 
tions must be carried on with a perpetual reference to 
the Colligation of Facts. 

Having here treated of Education and Discussion as 
the methods by which the former of these two pro- 
cesses is to be promoted, we have now to explain the 
methods which science employs in order most success- 
fully to execute the latter. But the Colligation of 
Facts, as already stated, may offer to us two steps of 
a very different kind, — ^the laws of Phenomena, and 
their Causes. We shall first describe some of the 
methods employed in obtaining truths of the former of 
these two kmds. 
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CHAPTER V. 
Analysis op the Process op Induction. 



Aphorism XXXIV. 

The Process of Induction may he resolved into three steps; 
the Selection of the Idea, the Construction of the Concep- 
tion, and the Determination of the Magnitudes. 

Aphorism XXXY. 

These three steps correspond to the determination of the 
Independent Variable, the Formula, and the Coefficients, 
in mathematical investigations; or to the Argument, the 
Law, and the Numerical Data, in a Table of an astronO' 
mical or other Inequality. 

Aphorism XXXVI. 

The Selection of the Idea depends mainly upon inventive 
sagacity: which operates by suggesting and trying various 
hypotheses. Some inquirers try erroneous hypotheses; and 
thus, exhausting the forms of errovTy form the Prelude to 
Discovery, 

Aphorism XXXVIL 

The following Rules may he given, in order to the section 
of the Idea for purposes of Induction: — ths Idea and the 
Facts must he homogeneous; and the Rule mu^t he tested 
by the Facts. 

Sect. I. — The Three Steps of Indtiction, 

I. TT7HEN facts have been decomposed and phe- 
f V nomena measured, the philosopher endea- 
vours to combine them into general laws^ by the aid of 
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Idead and Conceptions; these being illiistrated and re- 
gulated by such means as we have spoken of in the last 
two chapters. In this task, of gathering laws of nature 
from ol^erved fswsts, as we hare already said*, the na- 
tund sagacity of gifted minds is the power by which 
the greater part of the successful results have been 
obtained; and this power will probably always be more 
efficacious than any Method can be. Still there are 
certain methods of procedure which may, in such in- 
vestigations, give us no inconsiderable aid, and these I 
shall endeavour to expound. 

■ 2. For this purpose, I remai'k that the Colligation 
of ascertained Facts into general Propositions may be 
considered as containing three steps, which I shall 
term the Selection of the Idea^ the Construction of the 
CoTtceptioUy and the Determination of the Magnitudes, 
It will be recollected that by the word Idea, (or Funda- "^ 
mental Idea,) used in a peculiar sense, I mean certain 
wide and general fields of intelligible relation, such as 
Space, Number, Cause, Likeness; while by Conception 
J. denote more special modifications of these ideas, as a 
ci/rcle, a squa/re number , a uniform, force, a like form of 
flower. Now in order to establish any law by reference 
to &«ts, we must select the true Idea and the true j 
Conception, For example; when Hipparchus found* 
that the distance of the bright star Spica Virginis from 
the equinoxial point had increased by two degrees in 
about two hundred years, and desired to reduce this 
change to a law, he had first to assign, if possible, the 
idea on which it depended ; — ^whether it was regulated 
for instance, by space, or by time; whether it was de- 
termined by the positions of other stars at each mo^ 
ment, or went on progressively with the lapse of ages. 
And when there was found reason to select time as the 
regulative idea of this change, it was then to be deter- 
mined how the change went on with the time; — 
whether uniformly, or in some other manner : the con- 
oepiion^ or the rule of the progression, was to be 
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rightly constructed. Finally, it being ascertained that 
the change did go on uniformly, the question then 
occurred what was its amiount: — ^whether exactly a 
degree in a century, or more, or less, and how much : 
and thus the determination of the magnitude com- 
pleted the discovery of the law of phenomena respect- 
ing this star. 

3. Steps similar to these three may be discerned 
in all other discoveries of laws of nature. Thus, in 
investigating the laws of the motions of the sun, moon 
or planets, we find that these motions may be resolved, 
besides a imiform motion, into a series of partial mo- 
tions, or Inequalities; and for each of these Inequalities, 
we have to learn upon what it directly depends, whe- 
ther upon the progress of time only, or upon some con- 
figuration of the heavenly bodies in space ; then, we have 
to ascertain its law; and finally, we have to determine 
what is its amount. In the case of such Inequalities, 
the fundamental element on which the Inequality de- 
pends, is called by mathematicians the Argument, And 
when the Inequality has been fully reduced to known 
rules, and expressed in the form of a Table, the Argu- 
ment is the fimdamental Series of Numbers which 
stands in the margin of the Table, and by means of 
which we refer to the other Numbers which express 
the Inequality. Thus, in order to obtain from a Solar 
Table the Inequality of the sun*s annual motion, the 
Argument is the Number which expresses the day of 
the year; the Inequalities for each day being (in the 
Table) ranged in a line corresponding to the days. 
Moreover, the Argument of an Inequality being as- 
sumed to be known, we must, in order to calculate the 
Table, that is, in order to exhibit the law of nature, 
know also the Law of the Inequality, and its Amount. 
And the investigation of these three things, the Argu- 
ment, the Law, and the Amount of the Inequality, 
represents the three steps above described, the Selec- 
tion of the Idea, the Construction of the Conception, 
and the Determination of the Magnitude. 

4. In a great body of cases, Timthemattcal language 
and calculation are used to express the connexion be- 
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tween the general law and the special facts. And when 
this is done, the three steps above described may be 
spoken of as the Selection of the Inde'pendmb Yariahle^ 
the Construction of the FormvZa, and the Determina- 
tion of the Coefficients, It may be worth our while to 
attend to an exemplification of this. Suppose then, 
that, in such observations as we have just spoken of, 
namely, the shifting of a star from its place in the 
heavens by an unknown law, astronomers had, at the 
end of three successive years, found that the star had 
removed by 3, by 8, and by 15 minutes from its ori- 
ginal place. Suppose it to be ascertained also, by 
methods of which we shall hereafter treat, that this 
change depends upon the time; we must then take the 
time, (which we may denote by the symbol t,) for the 
independent variable. But though the star changes 
its place toith the time, the change is not proportional 
to the time; for its motion which is only 3 minutes in 
the first year, is 5 minutes in the second year, and 7 
in the third. But it is not difficult for a person a little 
versed in mathematics to perceive that the series 3, 8, 
15, may be obtained by means of two terms, one of 
which is proportional to the time, and the other to the 
square of the time; that is, it is expressed by the for- 
mula at + btt. The question then occurs, what are the 
values of the coefficients a and b; and a little examina- 
tion of the case shows us that a must be 2, and b, i : 
so that the formula is 2t + tt Indeed if we add to- 
gether the series 2, 4, 6, which expresses a change 
proportional to the time, and i, 4, 9, which is propor- 
tional to the square of the time, we obtain the series 
3, 8, 15, which is the series of numbers given by obser- 
vation. And thus the three steps which give us the 
Idea, the Conception, and the Magnitudes; or the 
Argument, the Law, and the Amount, of the change ; 
give us the Independent Variable, the Formula, and 
the Coefficients, respectively. 

We now proceed to offer some suggestions of methods 
by which each of these steps may be in some degree 
promoted. 
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Sect, IL — OfOie Selection of the Fundamental Idea^ 

5. When we turn our thoughts upon any assem-> 
blage of fisicts, with a view of collecting from them 
some connexion or law, the most important step, and 
at the same time that in which rules can least aid us, is 
the Selection of the Idea by which they are to be 
collected So long as this idea has not been detected, 
all seems to be hopeless confusion or insulated facts ; 
when the connecting idea has been caught sight of, we 
constantly regard the facts with reference to their 
connexion, and wonder that it should be possible for 
any one to consider them in any other point of view. 

Thus the different seasons, and the various aspects 
of the heavenly bodies, might at first appear to be 
direct manifestations from some superior power, which 
man could not even understand : but it was soon found 
that the ideas of time and space, of motion and recur- 
rence, would give coherency to many of the pheno- 
mena. Yet this took place by successive steps. Eclipses, 
for a long period, seemed to follow no law; and being 
very remarkable events, continued to be deemed the 
indications of a supernatural will, after the common 
motions of the heavens were seen to be governed by 
relations of time and space. At length, however, the 
Chaldeans discovered that, after p, period of eighteen 
years, similar sets of eclipses recur; and, thus selecting 
the idea of timey simply, as that to which these events 
were to be referred, they were able to reduce them to 
rule; and from that time, eclipses were recognized as 
parts of a regular order of things. We may, in the 
same manner, consider any other course of events, and 
may enquire by what idea they are bound together. 
For example, if we take the weather, years peculiarly 
wet or dry, hot and cold, productive and unproductive, 
follow each other in a manner which, at first sight at 
least, seems utterly lawless and irregular. Now can we 
in any way discover some rule and order in these 
occurrences? Is there, for example, in these events, 
as in eclipses, a certain cycle of years, after which like 
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seasons come round again? or does the weather depend 
upon the force of some extraneous body — for instance, 
the moon — and follow in some way her aspects? or 
would the most proper way of investigating this subject 
be to consider the effect of the moisture and heat of 
various tracts of the earth's surface upon the ambient 
air ? It is at our choice to t/ry these and other modes 
of obtaining a science of the weather : that is, we may 
refer the phenomena to the idea of time^ introducing 
the conception of a cycle ; — or to the idea of external 
f(yrce^ by the conception of the moon's action ; — or to the 
idea of mutual action, introducing the conceptions of 
thermotical and atmological agencies, operating between 
different regions of earth, water, and air. 

6. It may be asked. How are we to decide in such 
alternatives ? How are we to select the one right idea 
out of several conceivable ones? To which we can only 
reply, that this must be done by trying which will suc- 
ceed. If there really exist a cycle of the weather, as 
well as of eclipses, this mtist be established by comparing 
the asserted cycle with a good register of the seasons, 
of sufficient extent. Or if the moon really influence 
the meteorological conditions of the air, the asserted 
influence must be compared with the observed facts, 
and so accepted or rejected. When Hipparchus had 
observed the increase of longitude of the stars, the idea 
of a motion of the celestial sphere suggested itself as 
th^ explanation of the change; but this thought was 
verified only by observing several stars. It was con- 
ceivable that each star should have an independent 
motion, governed by time only, or by other circum- 
stances, instead of being regulated by its place in the 
sphere; and this possibility could be rejected by trial 
alona In like manner, the original opinion of the 
composition of bodies supposed the compounds to derive 
their properties from the elements according to the law 
of likeness; but this opinion was overturned by a 
thousand facts; and thus the really applicable Idea 
of Chemical Composition was introduced in modem 
times. In what has already been said on the History ^ 
of Ideas, we have seen how each science was in a state 
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of collision and darkness till the right idea was in- 
I troduced. 

7. No general method of evolying such ideas can be 
given. Such events appear to result from a peculiar 
sagacity and felicity of mind; — never without labour, 
never without preparation; — ^yet with no constant de- 
pendence upon preparation, or upon labour, or even 
entirely upon personal endowments. Newton explained 
the colours which refraction produces, by referring 
each colour to a peculiar cmgh of refraction, thus intro- 
ducing the right idea. But when the same philosopher 
tried to explain the colours produced by diffraction, he 
erred, by attempting to apply the same idea, (the cowrse 
of a single ray^ instead of applying the truer idea, of 
the interference of tvx) rays, Newton gave a wrong 
rule for the double refraction of Iceland spar, by 
making the refraction depend on the edges of the rhom- 
bohedron: Huyghens, more happy, introduced the 
idea of the axis of symvMiry of the solid, and thus was 
able to give the true law of the phenomena. 

8. Although the selected idea is proved to be the 
right one, only when the true law of nature is esta- 
blished by means of it, yet it often happens that there 
prevails a settled conviction respecting the relation 
which must afford the key to the phenomena, before 
the selection has been confirmed by the laws to which 
it leads. Even before the empiriad laws of the tides 
were made out, it was not doubtful that these laws 
depended upon the places and motions of the sun and 
moon. We know that the crystalline form of a body 
must depend upon its chemical composition, though 
we are as yet unable to assign the law of this de- 
pendence. 

Indeed in most cases of great discoveries, the right 
idea to which the facts were to be referred, was se- 
lected by many philosophers, before the decisive demon- 
stration that it was the right idea, was given by the 
discoverer. Thus Newton showed that the motiins of 
the planets might be explained by means of a central 
force in the sun : but though he established, he did not 
first select the idea involved in the conception of a 
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central forca The idea Had already been sufficiently 
pointed out, dimly by Kepler, more clearly by Borelli, 
Huyghens, Wren, and Hooke. Indeed this anticipa- 
tion of the true idea is always a principal part of that 
which, in the History of the Sciences, we have termed 
the Prehide of a Discovery. The two steps of propose 
ing a philosophical problem, and of solving it, are, as 
we have elsewhere said, both important, and are often 
performed by different persons. The former step is, in 
&et, tiie Selection of the Idea. In explaining any 
change,^ we have to discover first the Argwmenty and 
then the Law of the change. The selection of the 
Argument is the step of which we here speak ; and is 
that in which inventiveness of mind and justness of 
thought are mainly shown. 

9. Although, as we have said, we can give few pre- 
cise directions for this cardinal process, the Selection of 
the Idea, in speculating on phenomena, yet there is 
one Rule which may have its use : it is this : — The idea 
cmd the facts rmist he homogeneous: the elementary 
Conceptions, into which the fEwts have been decom- 
posed, must be of the same nature as the Idea by 
which we attempt to collect them into laws. Thus, if 
fJEtcts have been observed and measured by reference to 
space, they must be bound together by the idea of 
space : if we would obtain a knowledge of mechanical 
forces in the solar system, we must observe mechanical 
phenomena. Kepler erred against this rule in his 
attempts at obtaining physical laws of the system ; for 
the facts which he took were the velocities, not the 
changes of velocity/, which are really the mechanical 
facts. Again, there has been a transgression of this 
Rule committed by all chemical philosophers who have 
attempted to assign the relative position of the ele- 
mentaxj particles of bodies in their component mole- 
cules. For their purpose has been to discover the 
relations of the particles in space; and yet they have 
neglected the only facts in the constitution of bodies 
which have a reference to space — ^namely, crystalline 
form, and optical properties. No progress can be made 
in the theory of the elementary structure of bodies, 
NOV. ORG. 13 
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without making these classes of facts the main basis of 
our speculations. 

lo. The only other Kule which I have to offer on 
this subject, is that which I have abeadj given : — the 
Idea must be tested by the /acts. It must be tried by 
applying to the fEu^ts ^e conceptions which are derived 
from the idea, and not accepted till some of these sue* 
ceed in giving the law of the phenomena. The justice 
of the suggestion cannot be known otherwise than by 
making the trial. If we can discover a true lorn by 
employing any conceptions, the idea from which these 
conceptions are derived is the right one; nor can there 
be any proof of its rightness so complete and satisfac- 
tory, as that we are by it led to a solid and permanent 
trutL 

This, however, cau hardly be termed a Rule; for 
when we would know, to conjecture and to try the 
truth of our conjecture by a comparison with the fects, 
is the natural and obvious dictate of common sense. 

Supposing the Idea which we adopt, or which we 
would try, to be now fixed upon, we still have before 
us the range of many Conceptions derived from it; 
many Formulae may be devised depending on the same 
Independent Variable, and we must now consider how 
our selection among these is to be made. 
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CHAPTER YI. 

General Rules for the Construction op the 
Conception. 



Aphorism XXXVIII 
The Construction of the Condition very often includes, in 
<i great measure, the Determination of the Magnitudes, 

Aphorism XXXIX 

When a series of progressive numbers is given as the 
resvlt of observation, it may generally he reduced to law by 
combinations of arithmetical and geom^rical progressions. 

Aphorism XL. 

A true formula for a progressive series of numbers cannot 
commonly be obtained from a narrow range of observations. 

Aphorism XLI. 

Recurrent series of numbers muat, in most cases, be ex^ 
pressed by circular formulae. 

Aphorism XLII. 

The true construction of the conception is frequently sug^ 
gested by some hypothesis ; amd in these cases, the hypothesis 
may be useful, though containing superjiuous parts, 

u TN speaking of the discovery of laws of nature, 
X. those which depend upon quamlity, as number, 
space, and the like, are most prominent and most easily 
conceived, and therefore in speaking of such researches, 
we shall often use language which applies peculiarly to 

13—2 



Digitized 



by Google 



196 FORMATION OP SCIENCE. 

tHe cases in which quantities numericallj measurable 
are concerned, leaving it for a subsequent task to ex- 
tend our principles to ideas of other kinds. 

Hence we may at present consider the Construction 
of a Conception which shall include and connect the 
facts, as being the construction of a Mathematical For- 
mula, coinci^g with the nimierical expression of the 
facts; and we have to consider how this process can be 
facilitated, it being supposed that we have already be- 
fore us the numerical measures given by observation. 

2. We may remark, however, that the construction 
of the right Formula for any such case, and the deter- 
mination of the Coefficients of such formula, which we 
have spoken of as two separate steps, are in practice 
almost necessarily simtdtaneous ; for the near coinci- 
dence of the results of the theoretical rule with the 
observed &,cts confirms at the same time the Formula 
and its Coefficients. In this case also, the mode of 
aniving at truth is to try various hypotheses; — to 
modify the hypotheses so as to approximate to the 
facts, and to multiply the fects so as to test the hy- 
potheses. 

The Independent Variable, and the Formida which 
we would try, beiag once selected, mathematicians have 
devised certain special and technical processes by which 
the value of the coefficients may be determined. These 
we shall treat of in the next Chapter; but in the mean 
time we may note, in a more general manner, the mode 
in which, in physical researches, the proper formula 
may be obtained. 

3. A person somewhat versed in mathematics, hav- 
ing before him a series of numbers, will generally be 
able to devise a formula wliich approaches near to 
those numbers. If, for instance, the series is con- 
stantly progressive, he will be able to see whether it 
more nearly resembles an arithmetical or a geometrical 
progression. For example, MM. Dulong and Petit, in 
their investigation of the law of cooling of bodies, 
obtained the following series of measures. A thermo- 
meter, made hot, was placed in an enclosure of which 
the temperature was o degrees, and the rapidity of 
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cooling of the thermometer was noted for many tem- 
peratures. It was found that 

For the temperature 240 the rapidity of cooling was 10*69 
220 „ 881 

200 „ 740 

180 „ 610 

160 „ 4-89 

140 „ 3-88 

and so on. Now this series of numbers manifestly in- 
creases with greater rapidity as we proceed from the 
lower to the higher parts of the scale. The numbers 
do not, however, form a geometrical series, as we may 
easily ascertain. But if we were to take the differences 
of the successive terms we should find them to be — 

1*88, I '4 1, 1*30, 1*21, I -01, &c. 
and these numbers are very nearly the terms of a geo- 
metric series. For if we divide each term by the suc- 
ceeding one, we find these numbers, 

i-33> i^9j i*o7j i'2o, 1-27, 
in which there does not appear to be any constant ten- 
dency to diminish or increase. And we shall find that 
a geometrical series in which the ratio is i'i65, may be 
made to approach very near to this series, the devi- 
ations from it being only such as may be accounted for 
by conceiving them as errours of observation. In this 
manner a certain formula* is obtained, giving results 



1 The formula Is «= 2,037 (o*-i) where v is the velocity of cooling, * the 
temperature of the thermometer expressed in degrees, and a is the quantity 
1,0077. 

The degree of coincidence is as follows :-^ 
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which very nearly coincide with the observed factSy as 
may be seen in the margin. 

The physical law expressed by the formula just 
spoken of is this : — ^that when a body is cooling in an 
empty inclosure which is kept at a constant tempera- 
ture, the quickness of the cooling, for excesses of tem- 
perature in arithmetical progression, increases as the 
terms of a geometrical progression, diminished by a 
constant number. 

4. In the actual investigation of Dulong and Petit, 
however, the formula was not obtained in precisely the 
manner just described. For the qidckness of cooling 
depends upon two elements, the temperature of the hot 
body and the temperature of the inclosure; not merely 
upon the excess of one of these over the other. And 
it was found most convenient, first, to make such expe- 
riments as should exhibit the dependence of the velo- 
city of cooling upon the temperature of the enclosure; 
which dependence is contained in the following law : — 
The quickness of cooling of a thermometer in vacua 
for a constant excess of temperature, increases in geo- 
metric progression, when the temperature of the inclo- 
sure increases in arithmetic progression. From this 
law the preceding one follows by necessary conse- 
quence*. 

This example may serve to show the nature of the 
artifices which may be used for the construction of 
formulae, when we have a constantly progressive series 
of numbers to represent. We must not only endeavour 
by trial to contrive a formula which will answer the 
conditions, but we must vary our experiments so as to 
determine, first one factor or portion of the formula, 
and then the other; and we must use the most pro- 



* For if be the temperature of as a«(a'-i) which agrees with the 
the inclosure, and t the excess of foimula given in the last note, 
temperature of the hot body, it ap- The whole of this series of re- 
pears, by this law, that the radiation searches of Dulong and Petit is ftill of 
of heat is as CM. And hence the quick- the most beautiful and instructive 
ness of cooling, which is as the excess artifices for the construction of the 
of radiation, is as a*+' -a» ? that is, proper fermuto in physical research. 
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bable hypothesis as means of suggestion for otir for- 
mulse. 

5. In a progressive series of numbers, unless the 
formula which we adopt be really that which expresses 
the law of nature, the deviations of the formula from 
the facts will generally bedome enormous, when the 
experiments are extended into new parts of the scale. 
True formulae for a progressive series of results can 
hardly ever be obtained from a very limited range of 
experiments : just as the attempt to guess the general 
course of a road or a river, by knowing two or three 
points of it in the neighbourhood of one another, would 
generally faU. In the investigation respecting the 
laws of the cooling of bodies just noticed, one great 
advantage of the course pursued by the experimenters 
was, that their experiments included so great a range 
of temperatures. The attempts to assign the law of 
elasticity of steam deduced from experiments made 
with moderate temperatures, were found to be enor- 
mously wrong, when very high temperatures were 
made the subject of experiment. It is easy to see that 
this must be so: an arithmetical and a geometrical 
series may nearly coincide for a few terms moderately 
near each other ; but if we take remote corresponding 
terms in the two series, one of these will be very many 
times the other. And hence, from a narrow range of 
experiments, we may infer one of these series when we 
ought to infer the other; and thus obtain a law which 
is widely erroneous. 

6. In Astronomy, the serieses of observations which 
we have to study are, for the most part, not progressive, 
but recurrent. The numbers observed do not go on 
constantly increasing; but afber increasing up to a cer- 
tain amount they diminish ; then, afber a certain space, 
increase again; and so on, changing constantly through 
certain cycles. In cases in which the observed numbers 
are of this kind, the formula which expresses them 
must be a circvla/r fwaction, of some sort or other; in- 
yolving, for instance, sines, tangents, and other forms 
of calculation, which have recurring values when the 
angle on which they depend goes on constantly 
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increasing. The main business of formal astronomy con* 
sists in resolying the celestial phenomena into a series 
of terms of this kind, in detecting their arguments, and 
in determining their coeficierUs, 

7. In constructing ^e formulae by which laws of 
nature are expressed, although the first object is to 
assign the Law of the Phenomena, philosophers have, 
in almost all cases, not proceeded in a purely empirical 
manner, to connect the observed numbers by some ex- 
pression of calculation, but hare been guided, in the 
selection of their formula, by some Hypothesis respect* 
ing the mode of connexion of the fEu^ts. Thus the for- 
mula of Dulong and Petit above given was suggested 
by the Theory of Exchanges ; the first attempts at the 
resolution of the heavenly motions into circular func- 
tions were clothed in the hypothesis of Epicycles. And 
this was almost inevitable. ' We must confess,' says 
Copernicus', Hhat the celestial motions are circular, 
or compounded of several circles, since their inequali* 
ties observe a fixed law, and recur in value at certain 
intervals, which could not be except they were circu- 
lar : for a circle alone can make that quantity which 
has occurred recur again.' In like manner the first 
publication of the Loajo of the Sines, the true formula of 
optical refraction, was accompanied by Descartes with 
an hypothesis, in which an explanation of the law was 
pretended. In such cases, the mere comparison of 
observations may long fail in suggesting the true for- 
mulse. The fringes of shadows and other di£&acted 
coloiurs were studied in vain by Newton, Gramaldi, 
Oomparetti, the elder Herschel, and Mr. Brougham, 
so long as these inquirers attempted merely to trace 
the laws of the fitcts as they appeared in themselves; 
while Young, Fresnel, Fraunhofer, Schwerdt, and 
others, determined these laws in the most rigorous 
manner, when they applied to the observations the 
Hypothesis of Interferences. 

8. But with all the aid that Hypotheses and Calcu* 
lation can afford, the construction of true formulae, in 
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those cardinal discoveries by which the progress of 
science has mainly been caused, has been a matter of 
great labour and difficulty, and of good fortune added 
to sagacity. In the History of Science^ we have seen 
how long and how hard Kepler laboured, before he 
converted the formula for the planetary motions, from 
an epicyclical combination, to a simple ellipse. The same 
philosopher, labouring with equal zeal and perseverance 
to discover the formula of optical refractioh, which 
now appears to us so simple, was utterly foiled. Malus 
sought in vain the formula determining the Angle at 
which a transparent sur&<^ polarizes light: Sir D. 
Brewster*, with a happy sagacity, discovered the for- 
mula to be simply this, that the index of refraction is 
the tcmgent of the angle of polarization. 

Though we cannot give rules which will be of 
much service when we have thus to divine the general 
form of the relation by which phenomena are con- 
nected, there are certain methods by which, in a nar- 
rower field, our investigations may be materially pro- 
moted; — certain special methods of obtaining liws 
fix>m Observations. Of these we shall now proceed to 
treat. 
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CHAPTER VII. 

Special Methods op Induction applicable to 
Quantity. 



Aphorism XLIII. 

There are special Methods of Induction applicable to 
Quantity; of which the principal are^ the Method of Curves, 
the Method of Means, the Method of Least Squares, and 
the Method of Residues. 

Aphorism XLIV. 

The Method of Curres consists in drawing a curvet of 
which the observed quantities are the Ordinates, the quantiti/ 
on which the change of these quantities depends being the 
Abscissa. The efficacy of this Method depends upon the 
faculty which the eye possesses^ of readily detecting regu" 
larity and irregularity informs. The Method may be used 
to detect the Laws which the observed quantities follow ; and 
also, when the Observations are inexact, it may be used to cor^ 
rect these Observations, so as to obtain data more true than the 
observed facts themselves. 

Aphorism XLY. 

The Method of Means gets rid of irregularities by taking 
the arithmetical mean of a great number of observed quanti' 
ties. Its efficacy depends upon this; that in cases in which 
observed quantities are affected by other inequalities, besides 
that of which we wish to determine the law, the excesses above 
and defects below the quantities which the law in question 
would produce, will, in a collection of many observations, 
balance each other. 
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Aphobism XLVL 

Tho Method of Least Squares is a Method of Means, in 
which the mean is taken according to the condition, that the 
sum of the squares of the errours of observation' shall he the 
least possible which the law of the facts allows. It appears, 
by the Doctrine of Chances, that this is the most probable 
mean. 

Aphorism XLVIL 

The Method of Residues consists in subtracting, from 
the quantities given by Observation, the quantity given by any 
Law already discovered; and then examining the remainder, 
or Residue, in order to discover the leading Law which it 
follows. When this second Law has been discovered, the 
quantity given by it may be subtracted from the first Residue; 
thus giving a Second Residue, which may be examined in 
the same manner; and so on. The efficacy of this method 
depends principally upon the circumstance of the Laws of 
variation being successively smaller and smaller in amount 
(or at least in their mean efect) ; so that the ulterior undis- 
covered Laws do not prevent the Law in question from being 
prominent in the observations. 

Aphorism XLVIII. - 

The Method of Means and the Method of Least Squares 
cannot be applied without our knowing the Arguments of 
the Inequalities which we seek. The Method of Curves and 
the Method of Eesidues, when the Arguments of the principal 
Inequalities are known, often make it easy to find the others, 

IN cases where the phenomena admit of numerical 
measurement and expression, certain mathemati- 
cal methods may be employed to facilitate and give 
accuracy to the determination of the formula by which 
the observations are connected into laws. Among the 
most usual and important of these Methods are the 
following:—* 
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L The Method of Currefl. 

11. The Method of Means. 

IIL The Method of Least Squares. 

IV. The Method of Residues, 

Sect. L — The Method ofCv/rvea, 

T. The Method of Curves proceeds upon this basis ; 
that when one quantity undergoes a series of changes 
depending on the progress of another quantity, (as, for 
instance, the Deviation of the Moon from her equable 
place depends upon the progress of Time,) this depend^ 
ence may be expressed by means of a curve. In the 
language of mathematicians, the variable quantity, 
whose changes we would consider, is made iiie ordi- 
TKxte of the curve, and the quantity on which ^e 
changes depend is made the ahscissa. In this manner, 
the curve will exhibit in its form a series of undula- 
tions, rising and falling so as to correspond with the 
alternate Increase and Diminution of the quantity re- 
presented, at intervals of Space which correspond to 
the intervals of Time, or other quantity by which the 
changes are regulated. Thus, to take another example, 
if we set up, at equal intervals, a series of ordinates re- 
presenting the Height of all the successive High Waters 
brought by the tides at a given place, for a year, the 
curve which connects the summits of all these ordi- 
nates will exhibit a series of undulations, ascending 
and descending once in about each Fortnight; since, in 
that interval, we have, in succession, the high spring 
tides and the low neap tides. The curve thus dbrawn 
offers to the eye a picture of the order and magnitude 
of the changes to which the quantity under contem- 
plation, (the height of high water,) is subject. 

2. Now the peculiar &cility and efficacy of the 
Method of Curves depends upon this circumstance;^^ 
that order and regularity are more readily and clearly 
recognized, when thus exhibited to the eye in a picture, 
than they are when presented to the mind in any other 
manner. To detect the relations g£ Number consi- 
dered directly as Number, is not easy : and we might 
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contemplate for a long time a Table of recorded Num- 
bers without perceiving the order of their increase and 
diminution, even if the law w^:e moderately simple; 
as any one may satisfy himsdf by looking at a Tide 
Table. But if these Numbers are expr^sed by the 
magnitude of Lines j and if these Lines are arranged in 
regular order, the eye readily discorers the rule of 
their changes : it follows the curve which runs along 
iJieir extremities, and takes note of the order in which 
its convexities and concavities succeed each other, if 
any order be readily discoverable. The separate ob- 
servations are in this manner compared and generalized 
and reduced to rule by the eye alone. And ihe eye, 
so employed, detects relations of order and succession 
with a peculiar celerity and evidence.- I^ for example, 
we thus arrange as ordinates the prices of com in each 
year for a series of years, we shall see the order, rapi- 
dity, and amount of the increase and decrease of price, 
fer more clearly than in any other manner. And if 
there were any recurrence of increase and decrease at 
stated intervals of years, we should in this manner 
perceive it. The eye, constantly active and busy, and 
employed in making into shapes the hints and traces 
of form which it contemplates, runs along the curve 
thus offered to it; and as it travels backwards aAd 
forwards, is ever on the watch to detect some resem- 
blance or contrast between one part and another. And 
these resemblances and contrasts, when discovered, are 
the images of Laws of Phenomena; which are made 
manifest at once by this artifice, although the mind 
could not easily catch the indications of their exist- 
ence, if they were not thus reflected to her in the clear 
mirror of Spaca 

Thus when we have a series of good Observations, 
and know the argument upon which their change of 
magnitude depends, the Method of Curves enables us to 
ascertain, almost at a glance, the law of the change; and 
by further attention, may be made to give us a formula 
with great accuracy. The Method enables us to perceive, 
among our observations, an order, which without the 
method, is concealed in obscurity and perplexity. 
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3. Bat the Method of Curves not only enables ns 
to obtain laws of nature from good Observations, but 
also, in a great degree, from observations which are 
very invperfed,. For the imperfection of observations 
may in part be corrected by this consideration; — ^that 
though they may appear irr^ular, the correct facts 
which they imperfectly represent, are really regular. 
And the Method of Curves enables us to remedy this 
apparent irregularity, at least in part. For when Ob- 
servations thus imperfect are laid down as Ordinate^ 
and their extremities connected by a line, we obtain, 
not a smooth and flowing curve, such as we should 
have if the observations contained only the rigorous 
results of regular laws; but a broken and irregular 
line, full of sudden and capricious twistings, and bear- 
ing on its face marks of irregularities dependent, not 
upon law, but upon chance. Yet these irregular and 
abrupt deviations in the curve are, in most cases, but 
small in extent, when compared with those bendings 
which denote the effects of regular law. And this 
circumstance is one of the great grounds of advantage 
in the Method of Curves. For when the observations 
thus laid down present to the eye such a broken and 
irregular line, we can still see, often with great ease 
arid certainty, what twistings of the line are probably 
due to the irregular errours of observation; and can 
at once reject these, by drawing a more regular curve, 
cutting off all such small and irregular sinuosities, 
leaving some to the right and some to the left; and 
then proceeding as if this regular curve, and not the 
irregidar one, expressed the observations. In this 
manner, we suppose the errours of observation to 
balance each ol^er; some of our corrected measures 
being too great and others too small, but with no great 
preponderance either way. We draw our main regular 
curve, not through the points given by our observa^ 
tions, but a/mong them : drawing it, as has been said 
by one of the philosophers* who first systematically 
used this method, ^with a bold but careful hand.' 



I Sir J. Herschel, AgL Soc Trans, toL v. p. z. 
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The regular curve which we thus obtain, thus freed 
from the casual errours of observation, is that in which 
we endeavour to discover the laws of change and suc- 
cession. 

4. By this method, thus getting rid at once, in a 
great measure, of errours of observation, we obtain 
data which are more true them the individual facta 
themsdvea. The philosopher's business is to compare 
his hypotheses with facts, as we have often said. But 
if .we make the comparison with separate special facts, 
we are liable to be perplexed or misled, to an unknown 
amount, by the errours of observation; which may 
cause the hypothetical and the observed result to agree, 
or to disagree, when otherwise they would not do so. 
If, however, we thus take the whole mass of thefactSy 
and remove the errours of actual observation ^ by 
making the curve which expresses the supposed obser* 
vation regular and smooth, we have the separate facts 
corrected by their general tendency. We are put in 
possession, as we have said, of something more true 
than any fact by itself is. 

One of the most admirable examples of the use of 
this Method of Curves is found in Sir John Herschel's 
Investigation of the Orbits of Double Sta/ra^, The author 
there shows how fer inferior the direct observations of 
the angle of position are, to the observations corrected 
by a curve in the manner above stated. * This curve 
once drawn,' he says, ' must represent, it is evident, 
the law of variation of the angle of position, with the 
time, not only for instants intermediate between the 
dates of observations, but even at the moments of 
observation themselves, much better than the indivi- 
dual raw observations can possibly (on an average) da 
It is only requisite to try a case or two, to be satisfied 
that by substituting the curve for the points, we have 
made a nearer approach to nature, and in a great 
measure eliminated errours of observation.' ' In fol- 
lowing the graphical process,' he adds, *we have a 
conviction almost approaching to moral certainty that 

» lb, YoL V. p. 4. ' i& 
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we cannot be greatly misled.' Again, having thus 
corrected the raw observations, he makes another use 
of the graphicid method, by trying whether an ellipse 
can be drawn 'if not throughy at least crniong the 
points, so as to approach tolerably near them all; and 
thus aj^roaching to the orbit which is the subject of 
investigation.' 

5. The Obstacles which principally impede the ap- 
plication of the Method of Curves are {1,\ our igrwrance 
of the a/rgvment of the changes, and (II.) the complica- 
tion o/severcU laws with one another. 

(I.) If we do not know on what quantity those 
changes depend which we are studying, we may fedl 
entirely in detecting the law of the changes, although 
we throw the observations into curves. For the true 
argument of the change should, in fact, be made the 
ahsdasa of the curve. If we were to express, by a 
series of ordinates, the hour of high water on succes- 
sive days, we should not obtain, or should obtain very 
imperfectly, the law which these times follow; for the 
reed argument of this change is not the sola/r hour, but 
the ho^ at which the moon passes the meridian. But 
if we are supposed to be aware that this is the a/rgu- 
ment, (which theory suggests and trial instantly con- 
firms) we then do immediately obtain the primary 
Bules of the Time of High Water, by throwing a series 
of observations into a Curve, with the Hour of the 
Moon's Transit for the abscissa. 

In like manner, when we have obtained the first 
great or Semi-mensual Inequality of the tides, if we 
endeavour to discover the laws of other Inequalities by 
means of curves, we must take from theory the sug- 
gestion that the Arguments of such inequalities will 
probably be the pa/raUax and the declination of the 
moon. This suggestion again is confirmed by trial; 
but if we were supposed to be entirely ignorant of the 
dependence of the changes of the tide on the Distance 
and Declination of the moon, the curves would exhibit 
unintelligible and seemingly capricious changes. For 
by the effect of the Inequality arising from the Paral- 
lax, the convexities of tiie curves which belong to the 
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spring tides, are in some years made alternately greater 
and less all the year through; while in other years 
they are made all nearly equal. This difference does 
not betray its origin, till we refer it to the ParaHax; 
and the same difficulty in proceeding would arise if we 
were ignorant that the moon's Declination is one of the 
Arguments of tidal changes. 

In like manner, if we try to reduce to law any me- 
teorological changes, those of the Height of the Baro- 
meter for instance, we find that we can make little 
progress in the investigation, precisely because we do 
not know the Argument on which these changes de- 
pend. That there is a certain regular diwmal change 
of small amount, we know ; but when we have abstracted 
this Inequality, (of which the Alignment is the time of 
day,) we find fivr greater Changes left behind, from day 
to day and from hour to hour; and we express these 
in curves, but we cannot reduce them to Rule, because 
we cannot discover on what numerical quantity they 
depend. The assiduous study of barometrical observa- 
tions, thrown into curves, may perhaps hereafter point 
out to us what are the relations of time and space by 
which these variations are determined; but in the 
mean time, this subject exemplifies io us our remark, 
that the method of curves is of comparatively small 
use, so long as we are in ignorance of the real Argu- 
ments of the Inequalities. 

6. (II.) In the next place, I remark that a diffi- 
culty is thrown in the way of the Method of Curves by 
the CombiTtation of several Imos one with another. It 
will readily be seen that such a cause will produce a 
complexity in the curves which exhibit the succession 
of fiicts. If, for example, we take the case of the Tides, 
the Height of high water increases and diminishes with 
the Approach of the sim to, and its Recess from, the 
syzygies of the moon. Again, this Height increases 
and diminishes as the moon's Parallax increases and 
diminishes; and again, the Height diminishes when 
the Declination increases, and vice versa; and all these 
Arguments of change, the lUstance from Syzygy, the 
Parallax, the Declination, complete their circuit and 
NOV. ORG. 14 
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return into themselves in differ^it periods. Hence 
the curve which represents the Height of high water 
has not any periodical interval in which it completes 
its changes and commences a new cycla The sinuosity 
which would arise from each Inequality separately 
considered, interferes with, disguises, and conceals the 
others ; and when we first cast our eyes on the curve 
of observation, it is very far from offering any obvious 
regularity in its form. And it is to be observed that 
we have not yet enumerated all the elements of this 
complexity : for there are changes of the tide depend- 
ing upon the Parallax and Declination of the Sun as 
well as of the Moon, Again; besides these changes, of 
which the Arguments are obvious, there are others, as 
those depending upon the Barometer and the Wind, 
which follow no known regular law, and which con- 
stantly affect and disturb the results produced by other 
lawa 

In the Tides, and in like manner in the motions of 
the Moon, we have very eminent examples of the way 
in which the discovery of laws may be rendered diffi- 
cult by the number of laws which operate to affect the 
same quantity. In such cases, the Inequalities are 
generally picked out in succession, nearly in the order 
of their magnitudes. In this way there were succes- 
sively collected, from the study of the Moon's motions 
by a series of astronomers, those Inequalities which we 
term the Equation of the Center^ the JEvection, the 
Variation, and the Annual Equation, These Inequa- 
lities were not, in fact, obtained by the application of 
the Method of Curves; but the Method of Curves 
might have been applied to such a case with great ad- 
vantage. The Method has been applied with great 
industry and with remarkable success to the investiga- 
tion of the laws of the Tides; and by the use of it, 
a series of Inequalities both of the Times and of the 
Heights of high water has been detected, which explain 
all the main features of the observed fiicta 
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Sect. II. — The Method of Means, 

7. The Method of Curves, as we have endeavoured 
to explain above, frees us from the casual and extra- 
neous irregularities which arise from the imperfection 
of observation ; and thus lays bare the residts of the 
laws which really operate, and enables us to proceed in 
search of those laws. But the Method of Curves is 
not the only one which effects such a purpose. The 
eri'ours arising from detached observations may be got 
rid of, and the additional accuracy which multiplied 
observations give may be obtained, by operations upon 
the observed numbers, without expressing them by 
spaces. The process of curves assumes that the errours 
of observation balance each other; — that the accidental 
excesses and defects are nearly equal in amount; — that 
the true quantities which woxdd have been observed 
if all accidental causes of irregularity were removed, 
are obtained, exactly or nearly, by selecting quantities, 
upon the whole, equally distant from the extremes of 
great and smaU, which our imperfect observations offer 
to us. But when, among a number of unequal quan- 
tities, we take a quantity equally distant from the 
greater and the smaller, this quantity is termed the 
Mecm of the unequal quantities. Hence the correction 
of our observations by the method of curves consists in 
taking the Mean of the observations. 

8. Now without employing curves, we may proceed 
arithmetically to take the Mean of all the observed 
numbers of each class. Thus, if we wished to know 
the Height of the spring tide at a given place, and if 
we found that four different spring tides were mea- 
sured as being of the height of ten, thirteen, eleven, 
and fourteen feet, we should conclude that the true 
height of the tide was the Mean of these numbers, — 
namely, twelve feet; and we should suppose that the 
deviation from this height, in the individual cases, 
arose from the accidents of weather, the imperfections 
of observation, or the operation of other laws, besides 
the alternation of spring and neap tides. 

U— 2 
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This process of finding the Mean of an assemblage of 
observed numbers is much practised in discovering, 
and still more in confirming and correcting, laws of 
phenomena. We shall notice a few of its peculiarities. 

9. The Method of Means requires a knowledge of 
the Argwnient of the changes which we would study; 
for the numbers must be arranged in certain Classes, 
before we find the Mean of each Class; and the prin- 
ciple on which this arrangement depends is the Argu- 
ment. This knowledge of the Argument is more in- 
dispensably necessary in the Method of Means than in 
the Method of Curves; for when Curves are drawn, the 
eye often spontaneously detects the law of recurrence in 
their sinuosities; but when we have collections of 
Numbers, we must divide them into classes by a selec- 
tion of our own. Thus, in order to discover the law 
which the heights of the tide follow, in the progress 
from spring to neap, we arrange the observed tides 
according to the day of the moorCa age; and we then 
take the mean of all those which thus happen at the 
same 'period of the Moon's Revolution. In this manner 
we obtain the law which we seek; and the process is 
very nearly the same in all other applications of this 
Method of Means. In all cases, we begin by assuming 
the Classes of measures which we wish to compare, the 
Law which we could confirm or correct, the Formula 
of which we would determine the coefficients. 

10. The Argument being thus assumed, the Method 
of Means is very efficacious in ridding our inquiry of 
errours and irregularities which would impede and per- 
plex it. Irregularities which are altogether accidental, 
or at least accidental with reference to some law which 
we have imder consideration, compensate each other in 
a very remarkable way, when we take the Means of 
rrumy observations. If we have before us a collection 
of observed tides, some of them may be elevated, some 
depressed by the wind, some noted too high and some 
too low by the observer, some augmented and some 
diminished by uncontemplated changes in the moon's 
distance or motion : but in the course of a year or two 
at the longest, all these causes of irregularity balance 
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each other; and the law of succession, which runs 
through the observations, comes out as precisely as if 
those disturbing influences did not exist. In any par- 
ticular case, there appears to be no possible reason why 
the deviation should be in one way, or of one moderate 
amount, rather than another. But taking the mass of 
observations together, the deviations in opposite ways 
will be of equal amount, with a degree of exactness 
very striking. This is found to be the case in all in- 
quiries where we have to deal with observed numbers 
upon a large scale. In the progress of the population 
of a country, for instance, what can appear more incon- 
stant, in detail, than the causes which produce births 
and deaths 1 yet in each country, and even in each 
province of a country, the proportions of the whole 
numbers of births and deaths remain nearly constant. 
"What can be more seemingly beyond the reach of rule 
than the occasions which produce letters that cannot 
find their destination? yet it appears that the number 
of ' dead letters' is nearly the same from year to year. 
And the same is the result when the deviations arise, 
not from mere accident, but from laws perfectly regu- 
lar, though not contemplated in our investigation*. 
Thus the effects of the Moon's Parallax upon the Tides, 
sometimes operating one way and sometimes another, 
according to certain rules, are quite eliminated by 
taking the Means of a long series of observations; the 
excesses and defects neutralizing each other, so £ar as 
concerns the effect upon any law of the tides which we 
would investigate. 

II. In order to obtain very great accuracy, very 
large masses of observations are often employed by 
philosophers, and the accuracy of the result increases 
with the multitude of observations. The immense col- 
lections of astronomical observations which have in 
this manner been employed in order to form and cor- 
rect the Tables of the celestial motions are perhaps 
the most signal, instances of the attempts to obtain 



* Provided the aigament of the law deuce with the argament of the law 
which we neglect have no ceind- which we would determine. 
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accuracy by this accumulation of observations. Delam-* 
bre's Tables of the Sun are founded upon nearly 3000 
observations; Burg's Tables of the Moon upon above 
4000. 

But there are other instances hardly less remark- 
able. Mr. Lubbock's first investigations of the laws of 
the tides of London*, included above 13,000 observa- 
tions, extending through nineteen years; it being con- 
sidered that this large number was necessary to remove 
the effects of accidental causes®. And the attempts 
to discover the laws of change in the barometer have 
led to the performance of labours of equal amoimt: 
Laplace and Bouvard examined this question by means 
of observations made at the Observatory of Paris, four 
times every day for eight years. 

1 2. We may remark one striking evidence of the 
accuracy thus obtained by employing large masses of 
observations. In this way we may often detect inequa- 
lities much smaller than the errours by which they are 
encumbered and concealed. Thus the Diurnal Oscilla- 
tions of the Barometer were discovered by the com- 
parison of observations of many days, classified accord- 
ing to the hours of the day; and the result was a clear 
and incontestable proof of the existence of such oscilla- 
tions, although the differences which these oscillations 
produce at different hours of the day are far smaller 
than the casual changes, hitherto reduced to no law, 
which go on fi:om hour to hour and from day to day. 
The effect of law, operating incessantly and steadily, 
makes itself more and more felt as we give it a longer 
range; while the effect of accident, followed out in the 



* PhU. Trcms. 1831. 

* This period of nineteen years those due to the moon's Farallftx and 

was also selected for a reason which to the moon's Declination. It has 

is alluded to in a former note. It since been found i^hiU Tr. 1838. On 

was thought that this period se- ihe DetermiruxUon of the Laws oflhs 

cured the Inquirer from the errours l^dea from Short Series of Observor- 

which might be produced by the par- iions), that with regard to Parallax at 

tial coincidence of the Arguments of least, the Means of one year gire 

different irregularities; for example, sufKdent accuracy. 
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same maimer, is to annihilate itself, and to disappear 
altogether from the result. 

Sect. III. — The Method of Least Squa/res. 

13. The Method of Least Squares is in fact a 
method of means, but with some peculiar characters. 
Its object is to determine the heat Mean of a number 
of observed quantities; or the most probable Law 
derived from a number of observations, of which some, 
or all, are allowed to be more or less imperfect. And 
the method proceeds upon this supposition ; — ^that all 
errours are not* eqibolly probable, but that small 
errours are more probable than large ones. By rea- 
soning mathematically upon this ground, we find that 
the best result is obtained (since we cannot obtain a 
result in which the errours vanish) by making, not the 
Errours themselves, but the Sum of their Squa/res of 
the STnaMest possible amount. 

14. An example may illustrate this. Let a quan- 
tity which is known to increase uniformly, (as the dis- 
tance of a star from the meridian at successive in- 
stants,) be measured at equal intervals of time, and be 
foimd to be successively 4, 12, 14. It is plain, upon 
the fEU5e of these observations, that they are erroneous; 
for they ought to form an arithmetical progression, but 
they deviate widely from such a progression. But the 
qu^ion then occurs, what arithmetical progression do 
they mx)8t probably represent: for we may assume 
several arithmetical progressions which more or less 
approach the observed series; as for instance, these 
three; 4, 9, 14; 6, 10, 14; 5, 10, 15. Now in order 
to see the claims of each of these to the truth, we may 
tabulate them thus. 

Observation 



Enroars. 



Sums of Sums of Squares 



4, 12, 14 JSimrara. Errourg. of Errours. 

Series (i) 4, 9, 14 ... o, 3, o ... 3 ..« 9 
„ (2) 6, 10, 14 ... 2, 2, o ... 4 ... 8 



3) 5, 10, IS — i» 2, I ... 4 ..• <5 
Here, although the first series g^ves the sum of ^the 
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errours less than the others, the third series gives the 
sum of the squares of the errours least ; and is there- 
fore, by the proposition on which this Method depends, 
the mx)8t probahle series of the three. 

This Method, in more extensive and complex cases, 
is a great aid to the calculator in his inferences from 
facts, and removes much that is arbitrary in the Method 
of Means. 

Sect. TV.— The Method of Residues. 

15. By either of the preceding Methods we obtain, 
from observed facts, such Laws as readily offer them- 
selves; and by the Laws thus discovered, the most pro- 
minent changes of the observed quantities are accotmted 
for. But in many cases we have, as we have noticed 
already, several I^ws of nature operating at the same 
time, and combining their influences to modify those 
quantities which are the subjects of observation. Li 
these cases we may, by successive applications of the 
Methods already pointed out, detect such Laws one 
after another : but this successive process, though only 
a repetition of what we have already described, offers 
some peculiar features which make it convenient to 
consider it in a separate Section, as the Method of 
Hesidues. 

16. When we have, in a series of changes of 
a variable quantity, discovered one Law which the 
changes follow, detected its Argument, and determined 
its Magnitude, so as to explain most clearly the course 
of observed facts, we may still find that the observed 
changes are not fully accounted for. When we com- 
pare the results of our Law with the observations, 
there may be a difference, or as we may term it, a 
Residue, still unexplained. But this Residue behig 
thus detached from the rest, may be examined and 
scrutinized in the same manner as the whole observed 
quantity was treated at first : and we may in this way 
detect in it also a Law of change. If we can do this, 
we must accommodate this new found Law as nearly 
us possible to the Besidue to which it belongs; and 
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this being done^ the difference of our Bule and of the 
Residue itself, forms a Second Residue, This Second 
Besidue we may again bring under our consideration; 
and may perhaps in U also discover some Law of change 
by which its alterations may be in some measure ac- 
counted for. If this can be done, so as to account for 
a large portion of this Residue, the remaining unex- 
plained part forms a Third Residue; and so on. 

17. This course has really been followed in various 
inquiries, especially in those of Astronomy and Tido- 
logy. The Equoution of the Center, for the Moon, was 
obtained out of the Residue of the Longitude, which 
remained when the Mean Anomcdy was taken away. 
This Equation being applied and disposed of, the Second 
Residue thus obtained, gave to Ptolemy the Uvection, 
The Third Residue, left by the Equation of the Center 
and the Evection, supplied to Tycho the Variation 
and the Armual Equation, And the Residue, remain- 
ing from these, has been exhausted by other Equations, 
of various arguments, suggested by theory or by obser- 
vation. In this case, the successive generations of 
astronomers have gone on, each in its turn executing 
some step in this Method of Residues. In the exami- 
nation of the Tides, on the other hand, this method 
has been applied systematically and at once. The 
observations readily gave the Semim/&nsual Inequality; 
the Residue of this supplied the corrections due to the 
Moon's Pa/rallax and Declination; and when these 
were determined, the remaining Residue was explored 
for the law of the Solar Correction. 

18. In a certain degree, the Method of Residues and 
the Method of Means are opposite to each other. For 
the Method of Residues extricates Laws from their 
combination, bringing them into view in succession; 
while the Method of Means discovers each Law, not by 
bringing the others into view, but by destroying their 
effect through an accumulation of observations. By 
the Method of Residues we should f/rst extract the 
Law of the Parallax Correction of the Tides, and then, 
from the Residue left by this, obtain the Declination 
Correction. But we might at once employ the Method 
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of Means, and put together all the cases in which the 
Declination was the same ; not allowing for the Paral- 
lax in each case, but taking for granted that the 
Parallaxes belonging to the same Declination would 
neutralize each other ; as many falling above as below 
the mean Parallax. In cases like this, where the 
Method of Means is not impeded by a partial coinci^ 
dence of the Arguments of different unlmown Inequa* 
lities, it may be employed with almost as much success 
as the Method of Residues. But still, when the Argu- 
ments of the Laws are clearly known, as in this in- 
stance, the Method of Residues is more clear and 
direct, and is the rather to be recommended. 

19. If for example, we wish to learn whether the 
Height of the Barometer exerts any sensible influence 
on' the Height of the Sea's Surface, it would appear 
that the most satisfactory mode of proceeding, must be 
to subtract, in the first place, what we know to be the 
effects of the Moon's Age, Parallax and Declination, 
and other ascertained causes of change; and to search 
ill the unexplained Besidue for the effects of barome- 
trical pressure. The contrary course has, however, 
been adopted, and the effect of the Barometer on the 
ocean has been investigated by the direct application 
of the Method of Means, classing the observed heights 
of the water according to the corresponding heights of 
the Barometer without any previous reduction. In 
this manner, the suspicion that the tide of the sea is 
affected by the pressure of the atmosphere, has been 
confirmed. This investigation must be looked upon 
as a remarkable instance of the efficacy of the Method 
of Means, since the amount of the barometrical effect 
is much smaller than the other changes from among 
which it was by this process extricated. But an appli- 
cation of the Method of Residues would still be desi- 
rable on a subject of such extent and dif&culty. 

20. Sir John Herschel, in his Diacov/rse on the 
Study of Natural Philosophy (Articles 158 — i6t), has 
pointed out the mode of mining discoveries by study- 
ing Residual Phenomena; and has given several illus- 
trations of the process. In some of these, he has also 
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considered this method in a wider sense than we have 
done; treating it as not applicable to quantity only, 
but to properties and relations of different kinds. 

We likewise shall proceed to oflfer a few remarks on 
Methods of Induction applicable to other relations than 
those of quantity. 






I 
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CHAPTEK VIIL 

Methods of Induction depending on 
Kesemblance. 



Aphobism XLIX. 

The Law of Continuity is this: — thai a quanUty cannot 
pass from one amoimt to another by any change of condi" 
tionsy without passing through aU intermediate magnitudes 
according to the intermediate conditions. This Law may 
often he employed to disprove distinctions which have no real 
foundoitum, 

Aphobism L. 

The Method of Qradation consists in taking a number of 
stages of a property in question^ intermediate between two 
extreme cases which appear to be different. This Method is 
employed to determine whether the extreme cases are reaUy 
distinct or not. 

Aphobism LI. 

The Method of Gradatum, applied to decide the question^ 
whether the existing geological phenomena arise from existing 
causes, leads to this result : — That the phenomena do appear 
to arise from Existing Causes^ but that the action of existing 
causes mxiy, in past times, have transgressed, to any extent, 
their recorded limits of intensity. 

Aphobism LIL 

The Method of Natural Classification comists in classing 
cases, not according to any assumed Definition, but according 
to the connexion of the facts themselves, so as to make them 
the means of asserting general truths. 



Digitized 



by Google 



METHODS OF INDUCTION. 221 



Sect. L — Th^ Law of G<yn(iinuUy. 

I. rTlBJS Law of Continuity is applicable to quantity 
X primarily, and therefore might be associated 
with the methods treated of in the last chapter: but 
inasmuch as its inferences are made by a transition from 
one degree to another among contiguous cases, it will 
be foimd to belong more properly to the Methods of 
Induction of which we have now to speak. 

The Law of GoTUinuUy consists in this proposition, 
— ^That a quantity cannot pass from one amount to 
another by any change of conditions, without passing 
through aU intermediate degrees of magnitude accord- 
ing to the intermediate conditions. And this law may 
often be employed to correct inaccurate inductions, 
and to reject distinctions which have no real founda- 
tion in nature. For example, the Aristotelians made 
a distincticm between motions according to nature, (as 
that of a body falling vertically downwards,) and mo- 
tions contrary to nature, (as that of a body moving 
along a horizontal plane :) the former, they held, became 
naturally quicker and quicker, the latter naturally 
slower and slower. But to this it might be replied, 
that a horizontal line may pass, by gradual motion, 
through various inclined positions, to a vertical posi- 
tion : and thus the retarded motion may pass into the 
accelerated; and hence there must be some inclined 
plane on which the motion downwards is naturally 
uniform: which is fidse, and therefore the distinction 
of such kinds of motion is unfounded. Again, the 
proof of the First Law of Motion depends upon the 
Law of Continuity : for since, by diminishing the re- 
sistance to a body moving on a horizontal plane, we 
diminish the retardation, and this without Hmit, the 
law of continuity will bring us at the same time to 
the case of no resistance and to the case of no re- 
tardation. 

2. The Law of Continuity is asserted by Galileo 
in a particular application; and the assertion which it. 
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suggests is by bim referred to Plato; — ^namely ^, that a 
moveable body cannot pass from rest to a determinate 
degree of velocity without passing through all smaller 
degrees of velocity. This law, however, was first as- 
serted in a more general and abstract form by Leib- 
nitz* : and was employed by him to show that the laws 
of motion propounded by Descartes must be &Ise. The 
Third Cartesian Law of Motion was this': that when 
one moving body meets another, if the first body have 
a less momentum than the second, it will be reflected 
with its whole motion : but if the first have a greater 
momentum than the second, it will lose a part of its 
motion, which it will transfer to the second. Now 
each of these cases leads, by the Law of Continuity, to 
the case in which the two bodies have eqvxd momen- 
tums : but in this case, by the first part of the law the 
body would retain all its motion; and by the second 
part of the law it would lose a portion of it : hence the 
Cartesian Law is false. 

3. I shall take another example of the application 
of this Law from Professor Playfair's Dissertation on 
the History of Mathematical and Physical Science*. 
'The Academy of Sciences at Paris having (in 1724) 
proposed, as a Prize Question, the Investigation of the 
Laws of the Communication of Motion, John Bernoulli 
presented an Essay on the subject very ingenious and 
profound; in which, however, he denied the existence 
of hard bodies, because in the collision of such bodies, 
a finite change of motion must take place in an instant : 
an event which, on the principle just explained, he 
maintained to be impossible.' And this reasoning 
was justifiable : for we can form a continuous transi- 
tion from cases in which the impact manifestly occu- 
pies a finite time, (as when we strike a large sofb 
body) to cases in which it is apparently instantaneous. 
Maclaurin and others are disposed, in order to avoid 
the conclusion of Bemoxdli, to reject the Law of Con« 



1 LkHog, iiL 15a iy. 32. 

« Cipero, L 36& » Cartes, Prin. p. 35. 

« In the Encyc BriU p. 537. 
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tinuity. This, however, would not only be, as Playfair 
says, to deprive ourselves of an auxiliary, commonly 
usefiil though sometimes deceptive; but what is much 
worse, to acquiesce in false propositions, from the want 
of clear and patient thinking. For the Law of Con- 
tinuity, when rightly interpreted, is never violated in 
actual fact. There are not really any such bodies as 
have been termed perfectly hard : and if we approach 
towards such cases, we must learn the laws of motion 
which rule them by attending to the Law of Con- 
tinuity, not by rejecting it. 

4. Newton used the Law of Continuity to suggest, 
but not to prove, the doctrine of universal gravitation. 
Let, he said, a terrestrial body be carried as high as 
the moon: will it not still fall to the earth? and does 
not the moon faU by the same force*? Again : if any 
one says that there is a material ether which does not 
gravitate®, this kind of matter, by condensation, may 
be gradually transmuted to the density of the most 
intensely gravitating bodies: and these gravitating 
bodies, by taking the internal texture of the condensed 
ether, may cease to gravitate; and thus the weight of 
bodies depends, not on their quantity of matter, but 
on their texture; which doctrine Newton conceived he 
had disproved by experiment. 

5. The evidence of the Law of Continuity resides ' 
in the universality of those Ideas, which enter into 
our apprehension of Laws of Nature. When, of two 
quantities, one depends upon the other, the Law of 
Continuity necessarily governs this dependence. Every 
philosopher has the power of applying this law, in pro- 
portion as he has the faculty of apprehending the Ideas 
which he employs in his induction, with the same 
clearuess and steadiness which belong to the funda- 
mental ideas of Quantity, Space and Number. To thpse 
who possess this feculty, the Law is a Hule of very wide 
and decisive application. Its use, as has appeared in the 
above examples, is seen rather in the disproof of errone- 
ous views, and in the correction of false propositions, 



^ Priaicipia, lib. lit prop. 6. ^ lb. cor. 3. 
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than in the invention of new troths. It is a test of 
truth, rather than an instrument of discovery. 

Methods, however, approaching very near to the 
Law of Continuity may be employed as positive means 
of obtaining new truths; and tikese I shall now de- 
scribe. 

Sect. 11,— The Method of Gradation. 

6. To gather together the cases which resemble 
each other, and to separate those which are essentially 
distinct, has often been described as the main business 
of science; and may, in a certain loose and vague 
manner of speaking, pass for a description of some of 
the leading procedures in the acquirement of know- 
ledge. The selection of instances which agree, and of 
instances which differ, in some prominent point or 
property, are important steps in the formation of 
science. But when classes .of things and properties 
have been established in virtue of such comparisons, it 
may still be doubtM whether these classes are sepa- 
rated by distinctions of opposites, or by differences of 
degree. And to settle such questions, the Method of 
Gradation is employed; which consists in taking inter- 
mediate stages of the properties in question, so as to 
ascertain by experiment whether, in the- transition 
from one class to another, we have to leap over a 
manifest gap, or to follow a continuous road. 

7. Thus for instance, one of the early Diviaiona 
established by electrical philosophers was that of Elec- 
trics and Conductors. But this division Dr. Faraday 
has overturned as an essential opposition. He takes ^ a . 
Gradation which carries him from Conductors to Non- 
conductors. Sulphur, or Lac, he says, are held to be 
non-conductors, but are not rigoroiLsly so. Spermaceti 
is a bad conductor : ice or water better than sperma- 
ceti: metals so much better that they are put in a 
different class. But even in metals the transit of the 
electricity is not instantaneous : we have in them proof 
of a retardation of the eleclaic current: *and what 



' Besea/rchesj 12th series, art 1328. 
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reason," Mr. Faraday asks, "wliy this retardation 
should not be of the same kind as that in spermaceti, 
or in lac, or sulphur? But as, in them, retardation is 
insulation, [and insulation is induction®] why should 
we refuse the same relation to the same exhibitions of 
force in the metals?" 

The process employed by the same sagacious philo- 
sopher to show the identity of Voltaic and Franklinic 
electricity, is another example of the same kind^ Ma^ 
chine [Franklinic] electricity was made to exhibit the 
same phenomena as Voltaic electricity, by causing the 
discharge to pass through a bad conductor, into a very 
extensive discharging train: and thus it was clearly 
shown that Franklinic electricity, not so conducted, 
differs from the other kinds, only in being in a state 
of successive tension and explosion instead of a state 
of continued current. 

Again ; to show that the decomposition of bodies in 
the Voltaic circuit was not due to the AUraction of the 
Poles ^", Mr. Faraday devised a beautiful series of expe- 
riments, in which these supposed Poles were made to 
assume all possible electrical conditions :-:— in some cases 
the decomposition took place against air, which accord- 
ing to common language is not a conductor, nor is de- 
composed; — ^in others, against the metallic poles, which 
are excellent conductors but undecomposable; — and so 
on : and hence he infers that the decomposition cannot 
justly be considered as due to the Attraction, or At- 
tractive Powers, of the Poles. 

8. The reader of the Novwra Orgomon m&y perhaps, 
in looking at such examples of the Rule, be reminded 
of some of Bacon's Classes of Instances, as his ^7^- 
stcmtice ahaentioe in proximo, and his vnstanticB mi" 
grcmtes. But we may remark that Instances classed 
and treated as Bacon recommends in those parts of 
his work, could hardly lead to scientific truth. His 



^ These words refer to another proposition, also established by the Method 
of Gradation. 
» Hist. Ind. Sc b. xiv. a ix. sect a. 
1® Ibid. ReaecMTcheSf art. 457. 
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processes are vitiated by his proposing to himself the 
/(yrm or ccmae of the property before him, as the object 
of his inquiry; instead of being content to obtain, in 
the first place, the law of phenomena. Thus his ex- 
ample" of a Migrating Instance is thus given. " Let 
the Nature inquired into be that of Whiteness; an In- 
stance Migrating to the production of this property is 
glass, first whole, and then pulverized; or plain water, 
and water agitated into a foam; for glass and water 
are transparent, and not white ; but glass powder and 
foam are white, and not transparent. Hence we must 
inquire what has happened to the glass or water in 
that Migration. For it is plain that the Form of 
Whiteness is conveyed and induced by the crushing 
of the glass and shaking of the *water." Ko real 
knowledge has resulted from this line of reasoning : — 
from taking the Natures and Forms of things and of 
their qualities for the primary subject of our re- 
searches. 

9. We may easily give examples from other sub- 
jects in which the Method of Gradation has been used 
to establish, or to endeavour to establish, very exten- 
giye propositions. Thus Laplace's Nebular Hypothe- 
sis, — ^that systems like our solar system are formed by " 
gradual condensation from dif^ed masses, such as the 
nebulse among the stars, — ^is founded by him upon an 
application of this Method of Gradation. We see, he 
conceives, among these nebulse, instances of all degrees 
of condensation, from the most loosely difPused fluid, 
to that separation and solidification of parts by which 
suns, and satellites, and planets are formed : and thus 
we have before us instances of systems in all their 
stages ; as in a forest we see trees in every period of 
growth. How far the examples in this case satisfy the 
demands of the Method of Gradation, it remains for 
astronomers and philosophers to examine. 

Again; this method was used with great success by 
Macculloch and others to refute the opinion, put in 
currency by the Wernerian school of geologists, that 



u J^w.OrflT. Ub.aAph.28. 
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the rocks called trwp rocks must be classed with those 
to which a sedimenta/ry origin is ascribed. For it was 
shown that a gradual trcmsition might be traced from 
those examples in which trap rocks most resembled 
stratified rocks, to the lavas which have been recently 
ejected from volcanoes : and that it was impossible to 
assign a different origin to one portion^ and to the 
other, of this kind of mineral masses; and as the 
volcanic rocks were certainly not sedimentary, it fol- 
lowed, that the trap rocks were not of that natura 

Again; we have an attempt of a still larger kind 
made by Sir C. Lyell, to apply this Method of Gradation 
so as to disprove all distinction between the causes by 
which geological phenomena have been produced, and 
the causes which are now acting at the earth's surface. 
He has collected a very remarkable series of changes 
which have taken place, and are still taking place, by 
the action of water, volcanoes, earthquakes, and other 
terrestrial operations; and he conceives he has shown 
in these a gradcUion which leads, with no wide chasm 
or violent leap, to the state of things of which geologi- 
cal researches have supplied the evidence. 

lo. Of the value of this Method in geological specu- 
lations, no doubt can be entertained. Yet it must still 
require a grave and profound consideration, in so vast 
an application of the Method as that attempted by 
Sir C. LyeU, to determine what extent we may allow to 
the steps of our gradation; and tp decide how far the 
changes which have taken place in distant parts of the 
series may exceed those of which we have historical 
knowledge, without ceasing to be of the same Mnd. 
Those who, dwelling in a city, see, from time to time, 
one house built and another pulled down, may say that 
such eodsting ccmsea, operating through past time, suffi- 
ciently explain the existing condition of the city. Yet 
we arrive at important political and historical truths, 
by considering the origm of a city as an event of a dif- 
ferent order from those daily changes. The causes 
which are now working to produce geological results, 
may be supposed to have been, at some former epoch, 
so far exaggerated in their operation, that the changes 

15 — 2 
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shoxdd be paroxysms, not degrees ; — ^that they shordd 
violate, not continue, the gradual series. And vre 
have no kind of evidence whether the duration of our 
historical times is sufficient to give us a just measure 
of the limits of such degrees; — whether the terms 
which we have under our notice enable us to ascertain 
the average rate of progression. 

T I. The result of such consi^jterations seems to be 
this : — ^that we may apply the Method of Gradation in 
the investigation of geological causes, provided we 
leave the Limits of the Gradation undefined. But, 
then, this is equivalent to the admission of the opposite 
hypothesis : for a continuity of which the successive 
intervals are not limited, is not distinguishable from 
discontinuity. The geological sects of recent times 
have been distinguished as uniformitarians and catci- 
strophists : the Method of Gradation seems to prove the 
doctrine of the uniformitarians ; but then, at the same 
time that it does this, it breaks down the distinction 
between them and the catastrophists. 

There are other exemplifications of the use of grada- 
tions in Science which well deserve notice : but some 
of them are of a kind somewhat different, and may be 
considered under a separate head. 

Sect. III. The Method of Natural Classification. 

/ 12. The Method of Natural Classification consists, as 

we have seen, in grouping together objects, not accord* 

^ ing to any select^ properties, but accorcUng to their 

most important resemblances; and in combining such 
grouping with the assignation of certain marks of the 
classes thus formed. The examples of the successful 
application of this method are to be found in the 
Classificatory Sciences through their whole extent; as, 
for example, in fi:aming the Genera of plants and ani- 
mals. The same method, however, may often be ex- 
tended to other sciences. Thus the classification of 
Crystalline Forms, according to their Degree of Sym- 
metry, (which is really an important distinction,) as in- 
troduced by Mohg and Weiss, was a great improvement 
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iipon EEaiiy's arbitrajy divlMon acoording to certain 
assumed primary forma. Sir David Brewster waa led 
to the same distinction of crystals by the study of 
their optical properties; and the scientific value of the 
classification was thus strongly exhibited. Mr. How- 
ard's classification of Clouds appears to be founded in 
their real nature, since it enables him to express the 
laws of their changes and successions. As we have 
elsewhere said, the criterion of a true classification is, 
that it makes general propositions possible. One of 
the most prominent examples of the beneficial influ- 
ence of a right classification, is to be seen in the 
impulse given to geology by the distinction of strata 
according to the organic fossils which they contain^': 
which, ever since its general adoption, has been a lead- 
ing principle in the speculations of geologists. 

13. The mode in which, in this and in other cases, 
the Method of Natural Classification directs the re- 
searches of the philosopher, is this : — ^his arrangement 
being adopted, at least as an instrument of inquiry and 
trial, he follows the course of the different members of 
the classification, according to the guidance which Na- 
ture herself offers; not prescribing beforehand the 
marks of each part, but distributing the facts accord- 
ing to the total resemblances, or according to those 
resemblances which he finds to be most important. 
Thus, in tracing the course of a series of strata from 
place to place, we identify each stratum, not by any 
single character, but by all taken together; — ^texture, 
colour, fossils, position, and any other circumstances 
which offer themselves. And if, by this means, we" 
come to ambiguous cases, where different indications 
appear to point different ways, we decide so as best to 
preserve undamaged those general relations and truths 
which constitute the value of our system. Thus 
although we consider the organic fossils in each stra- 
tum as its most important characteristic, we are not 
prevented, by the disappearance of some fossils, or the 
addition of others, or by the total absence of fossils. 
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from identifying strata in distant countries, if the posi- 
tion and other circumstances authorize ns to do so. 
And by this Method of Classification, the doctrine of 
Geological EquivalenU^^ has been applied to a great 
part of Europe. 

14. We may further observe, that the same method 
of natural classification which thus enables us to iden- 
tify strata in remote situations, notwithstanding that 
there may be great differences in their material and 
contents, also forbids us to assume the identity of the 
series of rocks which occur in different coimtries, when 
this identity has not been verified by such a continu- 
ous exploration of the component members of the 
series. It would be in the highest degree unphiloso- 
phical to apply the special names of the English or 
German strate to the rocks of India, or America, or 
even of southern Europe, till it has appeared that in 
those countries the geological series of northern Europe 
really exists. In each separate country, the divisions 
of the formations which compose the crust of the 
earth must be made out, by applying the Method of 
Natural Arrangement to that partictdar case, and not 
by arbitrarily extending to it the nomenclature belong- 
ing to another case. It is only by such precautions, 
that we can ever succeed in obtaining geological propo- 
sitions, at the same time true and comprehensive ; or 
can obtain any sound general views respecting the 
physical history of the earth. 

15. The Method of Natural Classification, which 
we thus recommend, falls in with those mental habits 
which we formerly described as resulting from the 
study of Natural History. The method was then termed 
the Method of Type, and was put in opposition to the 
Method of Definition, 

The Method of Natural Classification is directly 
opposed to the process in which we assimie and apply 
arbitrary definitions; for in the former Method, we 
find our classes in nature, and do not make them by 
marks of our own imposition. Nor can any advantage 
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to the progress of knowledge be procured, by laying 
down our characters when our arrangements are as yet 
quite loose and unformed. Nothing was gained by 
the attempts to define Metals by their weight, their 
hardness, their ductility, their colour; for to all these 
marks, as fast as they were proposed, exceptions were 
found, among bodies which still could not be ex- 
cluded from the list of Metals. It was only when 
elementary substances were divided into NcUwral 
Glasses^ of which classes Metals were one, that a true 
view of their distinctive characters was obtained. Defi^ 
nitions in the outset of our examination of nature are 
almost always, not only useless, but prejudicial 

16. When we obtain a Law of Nature by induction 
from phenomena, it commonly happens, as we have 
already seen, that we introduce, at the same time, a 
Proposition and a Definition. In this case, tW two 
are correlative, each giving a real value to the other. 
In such cases, also, the Definition, as well as the Pro- 
position, may become the basis of rigorous reasoning, 
and may lead to a series of deductive truths. We have 
examples of such Definitions and Propositions in the 
Laws of Motion, and in many other cases* 

17. When we have established Natural Classes of 
objects, we seek for Characters of our classes; and 
these Characters may, to a certain extent, be called the 
Defimiiona of our classes. This is to be understood, 
however, only in a limited sense : for these Definitions 
are not absolute and permanent. They are liable to 
be modified and superseded. If we find a caie which 
manifestly belongs to our Natural Class, though vio- 
lating our Definition, we do not shut out the case, but 
alter our definition. Thus, when we have made it 
part of our Definition of the Rose family, that they 
have alternate stipulate leaves^ we do not, therefore, 
exclude from the family the genus Lowosa, which has 
no stipvloB, In Natural Classifications, oul* Defini- 
tions are to be considered as temporary and provi- 
sional only. When Sir C. Lyell established the distinc- 
tions of the tertiary strata, which he termed Eocene^ 
Miocene, and FHocene, he took a numerical criterion 
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(the proportion of recent speciee of shells contained in 
those strata) as the basis of his division. But now 
that those Unds of strata have become, by their appli- 
cation to a great variety of cases, a series of Natural 
Classes, we must, in our researches, keep in view the 
natural connexion of the formations themselves in dif- 
ferent places; and must by no means allow ourselves 
to be governed by the numerical proportions which 
were originally contemplated; or even by any amended 
numeric^ criterion equally arbitrary; for however 
amended. Definitions in natural history are never im- 
mortal. The etymologies of Fliocene and Miocene 
may, hereafter, come to have merely an historical inte- 
rest ; and such a state of things will be no more incon- 
venient, provided the natural connexions of each class 
are retained, than it is to call a rock odiie or por- 
phyrjif when it has no roelike structure and no fiery 
spots. 

The Methods of Induction which are treated of in 
this and the preceding chapter, and which are specially 
applicable to causes governed by relations of Quantity 
or of Kesemblance, commonly lead us to Laws of Phe- 
nomena only. Inductions founded upon other ideas, 
those of Substance and Cause for example, appear to 
conduct us somewhat further into a knowledge of the 
essential nature and real connexions of things. But 
before we speak of these, we shall say a few words 
respecting tiie way in which inductive propositions, 
once obtained, may be verified and carried into effect 
by thei»application. 
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CHAPTER IX. 
Of the Application or Inductivb Tbuths. 



Aphorism LIII. 

When the theory of any subject %8 established, the obser- 
vations and experiments which are made in applying, the 
sdefnce to use 'and to instruction, supply a perpetual verlfi- 
cation of the theory. 

Aphorism LIV. 

Such observations and experiments, when numerous and 
accurate, supply also corrections of the constants involved 
in the theory; and sometimes, (by the Method of Residues,) 
additions to the theory. 

Aphorism LY. 

It is worth considering whether a continued and con- 
nected system of observation and calculation, like that* of 
astronomy, might not be employed with advantage in im- 
proving our knowledge of other subjects; as Tides, Ckirrents, 
Winds, Clouds, Bain, Terrestrial Magnetism, Aurora Bo- 
recUis, Composition of Crystals, and many other subjects. 

Aphorism LVI. 

An extension of a welUestdblished theory to the explanation 
of new facts excites admiration as a discovery; but it is a 
discovery of a lower order than the theory itself. 

Aphorism LVII. 

The practical inventions which are most important in 
Art may be either tmimportant parts of Science, or restdts 
not explained by Science. 
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Aphorism LYIIL 

In modem iimeSf in many departments. Art is constantly 
guidedf governed and advanced by Science. 

Aphorism LIX. 

Recently several New Arts have been invented, which may 
he regarded as notable verifications of the anticipations of 
material benefits to be derived to man from the progress of 
Science. 

I. TD Y the application of indactive truths, vre here 
JD mean, according to the arrangement given in 
chap. I. of this book, those steps, which in the natural 
order of science, follow the discovery of each trutL 
These steps are, the verification of the discovery by ad- 
ditional experiments and reasonings, and its extension 
to new cases, not contemplated by the original dis- 
coverer. These processes occupy that period, which, 
in the history of each great discovery, we have termed 
the Sequel of the epoch ; as the collection of facts, and 
the elucidation of conceptions, form its Prelude. 

2. It is not necessary to dwell at length on the 
processes of the Verification of Discoveries. When the 
Law of Nature is once stated, it is £u: easier to devise 
and execute experiments which prove it, than it was 
to discern the evidence before. The truth becomes 
one of the standard doctrines of the science to which it 
belongs, and is verified by all who study or who teach 
the science experimentally. The leading doctrines of 
Chemistty are constantly e3*mplified by each chemist 
in his Lahoratory; and Jan amount of verification is 
thus obtained of which books give no adequate concep- 
tion. In Astronomy, we have a still stronger example 
of the process of verifying discoveries. Ever since the 
science assumed a systematic form, there have been 
Observatories, in which the consequences of the theory 
were habitually compared with the results of observa- 
tion. And to facilitate this comparison. Tables of 
great extent have been calculated, with immense la- 
bour, from each theory, showing the place which thd 
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theory assigned to the heavenly bodies at successive 
times; and thus, as it were, challenging nature to 
deny ilie truth of the discovery. In this way, as I 
have elsewhere stated, the continued prevalence of an 
errour in the systematic parts of astronomy is impos^ 
sible^ An errour, if it arise, makes its way into the 
tables, into the ephemeris, into the observer's nightly 
list, or his sheet of reductions; the evidence of sense 
flies in its face in a thousand Observatories; the dis- 
crepancy is traced to its source, and soon disappears 
for ever* 

3. In these last expressions, we suppose the theory, 
not only to be tested, but also to be corrected when it 
is found to be imperfect. And this also is part of the 
business of the observing astronomer. From his accu- 
mulated observations, he deduces more exact values than 
had previously been obtained, of the ConMcmta or Co- 
efficients of these Inequalities of which the Argwrnevvt is 
already known. This he is enabled to do by the methods 
explained in the fifth chapter of this book; the Method 
of Means, and especially the Method of Least Squares. 
In other cases, he finds, by the Method of Residues, 
some new Inequality; for if no change of the Coeffi- 
cients will bring the Tables and the observation to a 
coincidence, he knows that a new Term is wanting in 
his formula. He obtains, as £str as he can, the law of 
this unknown Term; and when its existence and its 
law have been folly established, there remains the 
task of tracing it to its cause. 

4. The condition of the science of Astronomy, with 
regard to its security and prospect of progress, is one of 
singular felicity. It is a question well worth our con- 
sideration, afl regarding the interests of science, whe- 
ther, in other branches of knowledge also, a continued 
arvd connected system of observaZion mid calciUation, 
imitating the system employed by astronomers, might 
not be adopted. But the discussion of this question 
would involve us in a digression too wide* for the pre- 
sent occasion. 
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5. There is anotlier mode of application of tfue 
theories after their discovery, of which we must also 
speak ; I mean the process of showing that facts, not 
included in the original induction, and apparently of a 
different kind, are explained by reasonings founded 
upon the theory : — extensions of the theory as we may 
call them. The history of physical astronomy is full 
of such events. Thus after Bradley and Wargentin 
had observed a certain cycle among the perturbations 
of Jupiter's satellites, Laplace explained this cycle by 
the doctrine of universal gravitation*. The long ine- 
quality of Jupiter and Saturn, the diminution of the 
obliquity of the ecliptic, the acceleration of the moon's 
mean motion, were in like manner accounted for by 
Laplace. The coincidence of the nodes of the moon's 
equator with those of her orbit was proved to result 
&om mechanical principles by Lagrange. The motions 
of the recently-discovered pls^ets, and of comets, shown 
by various mathematicians to be in exact accordance 
with the theory, are Yerifications and Extensions still 
more obvious. 

6. In many of the cases just noticed, the consistency 
between the theory, and the consequences thus proved 
to result from it, is so far from being evident, that the 
most consummate command of all the powers and aids 
of mathematical reasoning is needed, to enable the phi- 
losopher to arrive at the result. In consequence of 
this circumstance, the labours just referred to, of La- 
place, Lagrange, and others, have been the object of 
very great and very just admiration. Moreover, the 
necessary connexion of new &cts, at first deemed inex- 
plicable, with principles already known to be true; — 
a connexion utterly invisible at the outset, and yet at 
last established with the certainty of demonstration ; — 
strikes us with the delight of a new discovery; and at 
first sight appears no less admirable than an original 
induction. Accordingly, men sometimes appear tempted 
to consider Laplace and other great mathematicians as 
persons of a kindred genius to Newton. We must not 
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foi^t, however, that there is a great and essential dif- 
ference between inductive and deductive processes of 
the mind. The discovery of a new theory, which is 
true, is a step widely distinct from any mere develop- 
ment of the consequences of a theory already invented 
and established. 

7. In the other sciences also, which have been 
framed by a study of natural phenomena, we may £nd 
examples of the explanation of new phenomena by 
applying the principles of the science when once 
es^blished. llius, when the laws of the reflection 
and refraction of light had been established, a new 
and poignant exemplification of them was found in 
the explanation of the Bainbow by the reflection and 
refraction of light in the spherical drops of a shower; 
and again, another, no less striking, when the inter- 
secting Luminous Circles and Mock Suns, which are 
seen in cold sea^ns, were completely explained by the 
hexagonal crystals of ice which float in the upper 
regions of the atmosphere. The Darkness of the space 
between the primary and secondary rainbow is another 
appearance which optical theory completely explains. 
And when we further include in our optical theory 
the doctrine of interferences, we find the explanation 
of other phenomena; for instance, the Supernumerary 
Rainbows which accompany the primary rainbow on 
its inner side, and the small Halos which often sur- 
round the sun and moon. And when we come to 
optical experiments, we find many instances in which 
the doctrine of interferences and of undulations have 
been applied to explain the phenomena by calculations 
almost as complex as those which we have mentioned 
in speaking of astronomy : with results as little fore- 
seen at first and as entirely satisfactory in the end. 
Such are Schwerdt's explanation of the diffracted 
images of a triangular apeHure by the doctrine of 
interferences, and the explanation of the coloured 
Lemniscates seen by polarized light in biaxal crystals, 
given by Young and by Herschel : and still more 
marked is another case, in which the curves are unsym- 
metrical, namely, the curves seen by passing polarized 
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light through plates of quartz, which agree in a won- 
derful manner with the calculations of Aiiy. To these 
we may add the curious phenomena, and equally 
curious mathematical explanation, of Conical Kefrac- 
tion, as brought to view by Professor lioyd and Sir 
W. Hamilton. Indeed, the whole history both of 
Physical Optics and of JPhysical Astronomy is a series 
of felicities of this kind, as we have elsewhere observed. 
Such applications of theory, and unforeseen explana- 
tions of new facts by complicated trains of reasoning 
necessarily flowing from the theory, are strong proo& 
of the truth of the theory, while it is in the course of 
being established ; but we are here rather speaking of 
them as applications of the theory after it has been 
established. 

Those who thus apply principles already discovered 
are not to be ranked in their intellectual achievements 
with those who discover new principles ; but still, 
when such applications are masked by the complex 
relations of space and number, it is impossible not to 
regard with admiration the clearness and activity of 
intellect which thus discerns in a remote region the 
rays of a central truth already unveiled by some great 
discoverer. 

8. As examples in other fields of the application 
of a scientific discovery to the explanation of natural 
phenomena, we may take the identification of Light- 
ning with electricity by Franklin, and the explanation 
of Dew by Wells. For Wells's Inquiry into Hie 
Cause of Dew^ though it has sometimes been praised 
as an original discovery, was, in fact, only resolving 
the phenomenon into principles already discovered. 
The atmologists of the last century were aware* that 
the vapour which exists in air in an invisible state 
may be condensed into water by cold; and they had 
noticed that there is always a certain temperature, 
lower than that of the atmosphere, to which if we 
depress bodies, water forms upon them in fine drops. 
This temperature is the limit of that which is neces- 
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saiy to constitute y&pour, and is hence called the con^ 
stUuent tempercUure. But these principles were not 
generally &iniliar in England till Dr. Wells introduced 
them into his Eaaay on Dew, published in 18 14 ; having 
indeed been in a great measure led to them by his 
own experiments and reasonings. His explanation of 
Dew, — ^that it arises from the coldness of the bodies 
on which it settles, — ^was established with great inge- 
nuity; and is a very elegant confirmation of the Theory 
of Constituent Temperatura 

9. As other examples of such explanations of new 
phenomena by a theory, we may point out Ampere's 
Theory that Magnetism is transverse voltaic currents, 
applied to explain the rotation of a voltaic wire round 
a magnet, and of a magnet round a voltaic wire. And 
again, in the same subject, when it had been proved 
that electricity might be converted into magnetism, it 
seemed certam that magnetism might be converted 
into electricity; and accordingly Faraday found under 
wha{ conditions this may be done; though indeed 
here, the theory rather suggested the experiment than 
explained it when it had been independently observed. 
The production of an electric spark by a magnet was 
a very striking exemplification of the theory of the 
identity of these different polar agencies. 

10. In Chemistry such applications of the princi- 
ples of the science are very frequent; for it is the 
chemist's business to account for the innumerable 
changes which take place in material substances by 
the effects of mixture, heat, and the like. As a marked 
instance of such an application of the science, we 
may take the explanation of the explosive force of 
gunpowder*, from the conversion of its materials 
into gases. In Mineralogy also we have to apply the 



^ The explanation is, that the force times the bulk of the powder used, 

is due to the sudden development but from the intense heat developed 

of a large volume of nitn^n and at the moment of the explosion, the 

carbonic add gases, which at the dilatation amounts to at least 1500 

ordinary temperature of the air would times the volume of the gunpowder 

occupy a space equal to about 300 employed. 
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principles of Chemistry to the analysis of bodies : and 
I may mention, as a case which at the time excited 
much notice, the analysis of a mineral called Heavy 
Spar. It was found that different specimens of this 
mineral differed in their crystalline angles about three 
degrees and a half; a difference which was at variance 
with the mineralogical discovery then recently made, 
of the constancy of the angle of the same substance. 
Yauquelin solved this difficulty by discovering that 
the crystals with the different angles were really 
minerals chemically different ; the one kind being sul- 
phate of barytes, and the other, sulphate of strontian. 

11. In this way a scientific theory, when once esta- 
blished, is perpetiially finding new applications in the 
phenomena of nature; and those who make such 
applications, though, as we have said, they care not to 
be ranked with the great discoverers who establish 
theories new and true, often receive a more prompt 
and general applause than great discoverers doj be- 
cause they have not to struggle with the perplexity 
and averseness which often encounter the promulga- 
tion of new truths. 

12. Along with the verification and extension of 
scientific truths, we are naturally led to consider the 
useful application of them. The example of all the 
best writers who have previously treated of the philo- 
sophy of sciences, from Bacon to Herschel, draws our 
attention to those instances of the application of scien- 
tific truths, which are subservient to the uses of 
practical life; to the support, the safety, the pleasure 
of man. It is well known in how large a degree 
the furtherance of these objects constituted the merit 
of the Novwrn Orgcmon in the eyes of its author; 
and the enthusiasm with which men regard these 
visible and tangible manifestations of the power and 
advantage which knowledge may bring, has gone on 
increasing up to our own day. And undoubtedly such 
applications of the discoveries of science to promote 
the preservation, comfort, power and dignity of man, 
must always be objects of great philosophical as well 
as practical interest. Yet we may observe that those 
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practical inventions which are of most importance in 
the Arts, have not commonly, in the past ages of the 
world, been the results of theoretical knowledge, nor 
have they tended very greatly to the promotion of such 
knowledge. The use of bread and of wine has existed 
from the first beginning of man's social history; yet men 
have not had — ^we may question whether they yet have 
— a satisfiictory theory of the constitution and fabrica- 
tion of bread and of wine. From a very early period 
there have been workers in metal : yet who could tell 
upon what principles depended the purifjing of gold 
and silver by the fire, or the difference between iron 
and steel 9 In some cases, as in the story of the brass 
produced by the Corinthian conflagration, some parti-* 
cular step in art is ascribed to a special accident; but 
hardly ever to the thoughtful activity of a scientific 
• speculator. The Dyeing of cloths, the fabrication and 
colouring of earthenware and glass vessels was carried 
to a very high degree of completeness; yet who had 
any sound theoretical knowledge respecting these pro- 
cesses 9 Are not all these arts stQl pi*actised with 
a degree of skill which we can hardly or not at all 
surpass, by nations which have, properly speaking, no 
science? Till lately, at least, i£ even now the case 
be different, the operations by which man's comforts, 
luxuries, and instruments were produced, were either 
mere practical processes, which the artist practises, but 
which the scientist cannot account for; or, as in astro- 
nomy and optics, they depended upon a small portion 
only of the theoretical sciences, and did not tend to 
illustrate, or lead to, any larger truths. Bacon men- 
tions as recent discoveries, which gave him courage 
and hope with regard to the future progress of human 
knowledge, the invention of gunpowder, glass, and 
printing, the introduction of silk, and the discovery of 
America. Yet which of these can be said to have been 
the results of a theoretical enlargement of human 
knowledge? except perhaps the discovery of the New 
World, which was in some degree the result of Colum- 
bus's conviction of the globular form of the earth. 
This, however, was not a recent, but a very ancient 
NOV. ORG. 16 
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doctrine of all sound astronomers. And which of these 
discoveries has been the cause of a great enlargement 
of our theoretical knowledge?— except any one claims 
such a merit for the discovery of printing; in which 
sense the result is brought about in a very indirect 
manner, in the same way in which the progress of 
freedom and of religion may be ascribed as conse- 
quences to the same discovery. However great or 
striking, then, such discoveries have been, they have 
not, generally speaking, produced any marked advance 
of the Inductive Sciences in the sense in which we 
here speak of them. They have increased man's 
power, it may be : that is, his power of adding to his 
comforts and communicating with his fellow-men. 
But they have not necessarily or generally increased 
his theoretical knowledge. And, therefore, with what- 
ever admiration we may look upon such discoveries as 
these, we are not to admire them as steps in Inductive 
Science. 

And on the other hand, we are not to ask of In- 
ductive Science, as a necessary result of her progress, 
such additions as these to man's means of enjoyment 
and action. It is said, with a feeling of triumph, that 
Knowledge is Power : but in whatever sense this may 
truly be said, we value Elnowledge, not because it is 
Power but because it is Elnowledge ; and we estimate 
wrongly both the nature and the dignity of that kind 
of science with which we are here concerned, if we 
expect that every new advance in theoiy will forth- 
vdth have a market value: — ^that science will mark 
the birth of a new Truth with some new birthday 
present, such as a softer stuff to wrap our limbs, a 
brighter vessel to grace our table, a new mode of com- 
munication with our Mends and the world, a new in- 
strument for the destruction of our enemies, or a new 
region which may be the source of wealth and interest. 

13. Yet though, as we have said, many of the most 
remarkable processes which we reckon as the triumphs 
of Art did not result from a previous progress of Sci- 
ence, we have, at many points of the history of Science, 
applications of new views, to enable man to do as well 
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as to see. When Arcldmedes had obtained clear views 
of the theory of machines, he forthwith expressed them 
in his bold practical boast ; * Give me whereon to stand, 
and I will move the earth.' And his machines with 
which he is said to have handled the Roman ships 
like toys, and his burning mirrors with which he is 
reported to have set them on fire, are at least jwssible 
applications of theoretical principles. When he saw 
the watei-s rising in the bath as his body descended, 
and rushed out crying, * I have foimd the way/ what 
he had found was the solution of the practical ques- 
tion of the quantity of silver mi)ced with the gold of 
Hiero's crown. But the mechanical inventions of Hero 
of Alexandria, which moved by the force of air or of 
steam, probably involved no exact theoretical notions 
of the properties of air or of steam. He devised a toy 
which revolved by the action of steam; but by the force 
of steam exerted in issuing from an orifice, not by its 
pressure or condensation. And. the Romans had no arts 
derived from science in addition to those which they 
inherited from the Greeks. They built aqueducts, not 
indeed through ignorance of the principles of hydrosta- 
tics, as has sometimes been said; for we, who know our 
hydrostatics, build aqueducts still ; but their practice 
exemplified only Archimedean hydrostatics. Their 
clepsydras or water-Kjlocks were adjusted by trial only. 
They used arches and vaults more copiously than the 
Greeks had done, but the principle of the arch appears, 
by the most recent researches, to have been known to 
the Greeks. Domes and groined arches, such as we have 
in the Pantheon and in the Baths of Caracalla, per- 
haps they invented; certaioly they practised them on 
a noble scale. Yet this was rather practical skill 
than theoretical knowledge; and it was pursued by 
their successors in the middle ages in the same man- 
ner, as practical skill rather than theoretical know- 
ledge. Thus were produced flying buttresses, intersect- 
ing pointed vaults, and the other wonders of mediaeval 
architecture. The engineers of the fifteenth century, 
as Leonardo da Vinci, began to convert their practical 
into theoretical knowledge of Mechanics; but still 
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clocks and watches, fljing machines and printing 
presses involved no new mechanical principle. 

14. Bat fix>m this time the advances in Science 
generally produced, as their result, new inventions of 
a practical kind. Thus the doctrine of the weight of 
air led to such inventions as the barometer used as 
a Weather-glass, the Air-pump with its train of curi- 
ous experiments, the Diving-Bell, the Balloon. The 
telescope was perhaps in some degree a discovery due 
to accident, but its principles had been taught by 
Boger Bacon, and still more clearly by Descartes. 
Newton invented a steady thermometer by attending 
to steady laws of nature. And in the case of the im- 
provements of the steam engine made by Watt, we 
have an admirable example how superior the method 
of improving Art by Science is, to the blind gropings 
of mere practical habit. 

Of this truth, the history of most of the useful arts 
in our time offers abipidant proo& and illustrations. 
All improvements and applications of the forces and 
agencies which man employs for his purposes are now 
commonly made, not by blind trial, but with the 
clearest theoretical as well as practical insight whidi 
he can obtain, into the properties of the ag^its which 
he employs. In this way he has constructed, (using 
theory and calculation at every step of his construc- 
tion,) steam engines, steam boats, screw-propellers, 
locomotive engines, railroads and bridges and struc- 
tures of all kmds. Lightning-conductors have been 
improved and applied to the preservation of buildings, 
and especially of ships, with admirable effect, by Sir 
Wm. Snow Harris, an experimenter who has studied 
with great care the theory of electricity. The mea- 
surement of the quantity of oxygen, that is, of vital 
power, in air, has been taught by Cavendish, and by 
Dr Ure a skilM chemist of our time. Methods for 
measuring the bleaching power of a substance have 
been devised by eminent chemical philosophers. Gay 
Lussac and Mr Graham. Davy used his discoveries 
concerning the laws of flame in order to construct his 
Safety Lamp : — his discoveries concerning the galvanic 



Digitized 



by Google 



APPLICATION OF INDUCTIYK TRUTHS. 245 

battery in order to protect ships' bottoms from corro- 
sioiL The skilled geologist has r^eatedly given to 
those who were about to dig for coal where it could 
have no geological place, advice which has saved them 
from ruinous expence. Sir Roderick Murchison, from 
geological evidence, declared the likelihood of gold be- 
ing found abundantly in Australia, many years before 
the diggings began. 

Even fhe subtle properties of light as shewn in the 
recent discoveries of its interference and polarization, 
have been applied to usefrd purposes. Young invented 
an Eriometer, an instrument which should measure the 
fineness of the threads of wool by the coloured fringes 
which they produce; and substances which it is im- 
portant -k> distinguish in the manufacture of sugar, 
are discriminated by their effect in rotating the plane 
of polarization of light. One substance has been termed 
Dextrin^ from its impressing a right-handed rotation 
on the plane of polarization. 

And in a great number of Arts and Manufactures, 
the necessity of a knowledge of theory to the right 
conduct of practice is £stmiliarly acknowledged and 
assumed. In the testing and smelting of metals, in the 
fabrication of soap, of candles, of sugar ; in the dyeing 
and printing of woollen, linen, cotton and silken stuffs; 
the master manufacturer has always the scientific che- 
mist at his elbow; — either a 'consulting chemist' to 
whom he may apply on a special occasion, (for such is 
now a regular profession;) or a chemist who day by 
day superintends, controls, and improves the processes 
which his workmen daily carry on. In these cases, 
though Art long preceded Science, Science now guides, 
governs and advances Art. 

1 5. Other Arts and manufactures which have arisen 
in modem times have been new creations produced by 
Science, and requiring a complete acquaintance with 
scientific processes to conduct them effectually and 
securely. Such are the photographic Arts, now so 
various in their form; beginning with those which, 
from their authors, are called Daguerrotype and Tal- 
botypa Such are the Arts of Electrotype modelling 
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and Electrotype plating. Such are the Arts of pre- 
paring ftdminating substances ; gun-cotton ; fuhninate 
of silver^ and of mercury; and the application of those 
Arts to use, in the fabrication of percussion-caps for 
guns. Such is the Art of Electric Telegraphy, from its 
first b^inning to its last great attempt, ilie electric 
cord which connects England and America. Such is 
the Art of imitating by the chemistry of the laboratory 
the vegetable chemistry of nature, and thus pfoducing 
the flavour of the pear, the apple, the pine-apple, the 
melon, the quince. Such is the Art of producing in 
man a temporary insensibility to pain, which was 
effected first through the means of sulphuric ether by 
Dr Jackson of America, and afterwards through the 
use of chloroform by Dr Simpson of Edinburgh In 
these cases and many others Science- has endowed 
man with New Arts. And though even in these Arts, 
which are thus the last results of Science, there is 
much which Science cannot fully understand and ex- 
plain; still, such cases cannot but be looked upon as 
notable verifications of the anticipations of those who 
in former times expected from the progress of Science 
a harvest of material advantages to man. 

We must now conclude our task by a few words on 
the subject of inductions involving Ideas ulterior to 
those already considered. 
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CHAPTER X. 
Op the Induction op Causes. 



Aphorism: LX. 

In the Induction of Causes the principal Maxim is, that 
we must he careful to possess, and to apply, with perfect 
clearness, the Fundamental Idea on which the Induction 
depends. 

Aphorism LXI. 

The Induction of Substance, of Force, of PolaHty, go 
beyond mere laws of phenomena, and may be considered as 
the Induction of Causes, 

Aphorism LXIL 

The Cause of certain phenomena being inferred, we are 
led to inquire into the Cause of this Cause, which inquiry 
must be conducted in the same m>anner as the previous one ; 
and thus we Tuive-the Induction of Ulterior Causes, 

Aphorism LXIII. 

In contemplating the series of Causes which are themselves 
the ejects of other causes, we are necessarily led to assume a 
Supreme Cause in the Order of Causation, as we assume a 
First Cause in Order of Succession, 
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formerly* stated the objects of the researches 



Causes; and showed the propriety and the necessity of 
not resting in the former object, but extending our 
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inquiries to the latter also. Inductions, in which phe- 
nomena are connected by relations of Space, Time, 
Number and Besemblance, belong to the former class; 
and of the Methods applicable to such Inductions we 
have treated already. In proceeding to Inductions 
governed by any ulterior Ideas, we can no longer lay 
down any Special Methods by which our procedure 
may be directed. A few general remarks are all that 
we shall offer. 

The principal Maxim in such cases of Induction is 
the obvious one : — ^that we must be careful to possess 
and to apply, with perfect clearness and precision, the 
Pundamental Idea on which the Induction depends. 

We may illustrate this in a few cases. 

2. Induction 0/ Substance. — The Idea k>f Substance' 
involves this axiom, that the weight of the whole com- 
pound must be equal to the weights of the separate 
elements, whatever changes the composition or separa- 
tion of tike elements may have occasioned. The appli- 
cation of this Maxim we may term the Method of the 
Balcmce. We have seen* elsewhere how the memor- 
able revolution in Chemistry, the overthrow of Phlo- 
giston, and the establishment of the Oxygen Theory, 
was produced by the application of this Method. We 
have seen too^ that the same Idea leads us to this 
Maxim; — ^that Invponderahle Fluids are not to be 
admitted as chemical elements of bodies. 

Whether those which have been termed Imponder- 
able Fluids, — the supposed fluids which produce the 
phenomena of light. Heat, Electricity, Galvanism, 
Magnetism, — ^really exist or no, is a question, not 
merely of the La/ws, but of the Causes of Phenomena. 
It is, as has already been shown, a question which we 
cannot help discussing, but which is at present involved 
in great obscurity. Nor does it appear at all likely that 
we shall obtain a true view of the cause of light. 
Heat, and Electricity, till we have discovered precise 
and general laws connecting optical, thermotical, and 
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electrical phenomena with those chemical doctrines to 
which the Idea of Substance is necessarily applied. 

3. Induction of Force. — ^The inference of Mecha- 
niccU Forces from phenomena has been so abundantly 
practised, that it is perfectly ^miliar among scientific 
inquirers. From the time of Newton, it has been the 
most common aim of mathematicians; and a persua- 
sion has grown up among them, that mechanical forces, 
— attraction and repulsion, — are the only modes of 
action of the particles of bodies which we shall ulti- 
mately have to consider. I have attempted to show 
that this mode of conception is inadequate to the pur- 
poses of sound philosophy; — ^that the Particles of \j 
crystals, and the Elements of chemical compoimds, ^ 
must be supposed to be combined in some other way \K,»^P 

than by mere mechanical attraction and repulsion. ^ \ . \ 
Dr. Faraday has gone further in shaking the usual con- . < " , i 
ceptions of the force exerted, in well-known cases, r ' * 
Among the most noted and conspicuous instances of ^> ^ ^ 
attraction and repulsion exerted at a distance, were \^ y *' 
those which take place between electrized bodies. But »X ^ 

the eminent electrician just mentioned has endeavoured . ^ .; '.,' - 
to establish, by experiments of which it is very diffi- ^ ' 
cult to elude the weight, that the action in these cases 
does not take place at a distance, but is the result of 
a chain of intermediate particles connected at every 
point by forces of another kind. 

4. Induction of Poh/rity. — The forces to which 
Dr. Faraday ascribes the action in these cases are 
Foloflr Forces^, We have already endeavoured to ex- 
plain the Idea of Polar Forces; which implies • that at 
every point forces exactly equal act in opposite direc- 
tions; and thus, in the greater part of their course, 
neutralize and conceal each other; while at the extre- 
mities of the line, being by some cause liberated; they 
are manifested, still equal and opposite. And the cri- 
terion by which this polar chaiacter of forces is re- 
cognized, is implied in the reasoning of Faraday, on 
the question of one or two electricities, of which we 
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formerly spoke ^. The maxim is this: — ^that in the 
action of polax forces, along with every manifestation 
of force or property, there exists a corresponding and 
simultaneous manifestation of an equal and opposite 
force or property. 

5. Ab it was the habit of the last age to reduce all 
action to mechanical forces, the present race of physical 
speculators appears inclined to reduce all forces to 
polar forces. Mosotti has endeavoured to show that the 
positive and negative electricities pervade all bodies, 
and that gravity is only an apparent excess of one of 
the kinds over the other. As we have seen, Faraday 
has given strong experimental grounds for believing 
that the supposed remote actions of electrized bodies 
are really the effects of polar forces among contiguous 
particles. If this doctrine were established with re- 
gard to all electrical, magnetical, and chemical forces, 
we might ask, whether, while all other forces are 
polar, gravity really affords a single exception to the 
universal rule 1 Is not the universe pervaded by an 
omniprese;it antagonism, a fundamental conjunction of 
contraries, everywhere opposite, nowhere independent 1 
We are, as yet, far from the position in wMch Induc- 
tive Science can enable us to answer such inquiries. 

6. Induction of Ulterior Causes, — ^The first Induc- 
tion of a Cause does not close the business of scientific 
inquiry. Behind proximate causes, there are ulterior 
causes, perhaps a succession of such. Gravity is the 
cause of the motions of the planets ; but what is the 
cause of gravity ? This is a question which has occu- 
pied men's minds from the time of Newton to the pre- 
sent day. Earthquakes and volcanoes are the causes 
of many geological phenomena; but what is the cause 
of those subterraneous operations 1 This inquiry after 
ulterior causes is an inevitable result fr'om the intellec- 
tual constitution of man. He discovers mechanical 
causes, but he cannot rest in them. He must needs 
ask, whence it is that matter has its universal power of 
attracting matter. He discovers polar forces : but even 

^ Book V. c. i. 
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if these be miiyersal, he still desires a farther insight 
into the cause of this polarity. He sees, in organic 
structures, convincing marks of ad^tation to an end : 
whence, he asks, is iMa adaptation ? He traces in the 
hifit(Hy of the earth a chain of causes and effects ope- 
rating through time: but what, he inquires, is the 
power which holds the end of this cham? 

Thus we are referred back fix)m step to step, in the 
order of causation, in the same manner as, in the palse- 
tiological sciences, we were referred back in the order 
of time. We make discovery after discovery in the 
various regions of science; each, it may be, satisfactory, 
and in itself complete, but none final. Something 
always remains undone. The last question answered, 
the answer suggests still another question. The strain 
of music from the lyre of Science flows on, rich and 
sweet, full and harmonious, but never reaches a close : 
no cadence is heard with which the intellectual ear can 
feel satisfied. 

0/ the Supreme Cauae.-^Jn the utterance of Science, 
no cadence is heard with which the human mind can 
feel satisfied. Yet we cannot but go on listening for 
and expecting a satisfactory close. The notion of a 
cadence appears to be essential to our relish of the 
musia The idea of some closing strain seems to lurk 
among our own thoughts, waiting to be articulated in 
the notes which flow from the ^owledge of external 
natura The idea of something ultimate in our philo* 
sophical researches, something in which the mind can 
acquiesce, and which will leave us no further questions 
to ask, of whence, and why, and by what power, seems 
as if it belonged to us ; — as if we could not have it 
withheld from us by any imperfection or incomplete- 
ness in the actual performances of science. What is 
the meaning of this conviction ? What is the reality 
thus anticipated ? Whither does the developement of 
this Idea conduct us ? 

We have already seen that a difficulty of the same 
kind, which arises in the contemplation of causes and 
effects considered as forming an historical series, drives 
us to the assumption of a First Cause, as an Axiom 
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to which our Idea of Causation in time necessarily 
leads. And as we were thus guided to a First Cause, 
in order of Succession, the same kind of necessity 
directs us to a Supreme Cause in order of Causation. 

On this most weighty subject it is difficult to speak 
fitly; and the present is not the proper occasion, even 
for most of that which may be said. But there are 
one or two remarks which flow from the general train 
of the contemplations we have been engaged in, and 
with which this Work must conclude. 

We have seen how different are the kinds of cause 
to which we are led by scientific researches. Mechar- 
niccU Forces are insufficient without Chemical Affifd- 
ties; Chemical Agencies £sdl us, and we are compelled 
to have recourse to Vi^ Fotvers; Yital Powers can- 
not be merely physical, and we must believe in some- 
thing hyperphysical, something of the nature of a Sovl. 
Not only do biological inquiries lead us to assume an 
animal soul, but they drive us much further; they 
bring before us Perception, and Will evoked by Per- 
ception. Still more, these inquiries disclose to us Ideas 
/ as the necessary forms of Perception, in the actions 
of which we ourselves are conscious. We are aware, 
we cannot help being aware, of our Ideas and our 
Volitions as belonging to us, and thus we pass from 
things to persons; we have the idea of Personality 
awakened. And the idea of Design and Pv/rpose, of 
which we are conscious in our own minds, we find 
reflected back to us, with a distinctness which we can- 
not overlook, in all the arrangements which constitute 
the frame of organized beings. 

We cannot but reflect how widely diverse are the 
kinds of principles thus set before us; — ^by what vast 
strides we mount from the lower to the higher, as we 
proceed through that series of causes which the range 
of the sciences thus brings under our notice. Yet 
we know how narrow is the range of these sciences 
when compared with the whole extent of himian know- 
ledge. We cannot doubt that on many other subjects, 
besides those included in physical speculation, man has 
made out solid and satisfikctory trains of connexion; — 
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lias discovered dear and indisputable evidence of caus- 
ation. It is manifest, therefore, that, if we are to 
attempt to ascend to the Supreme Cause— if we are 
to try to frame an idea of the Cause of all these sub- 
ordinate causes; — ^we must conceive it as more dif- 
ferent £rom any of them, than the most diverse are 
from each other; — ^more elevated above the highest, 
than the highest is above the lowest 

But further; — though the Supreme Cause must thus 
be inconceivably different from all subordinate causes, 
and immeasurably elevated above them all, it must 
still include in itself all that is essential to each of 
them, by virtue of that very circumstance that it is 
the Cause of their Causality. Time and Space, — ^In- 
finite Time and Infinite Space, — ^must be among its 
attributes; for we cannot but conceive Infinite Time 
and Space as attributes of the Infinite Cause of the 
Universe. Force and Matter must depend upon it 
for their efficacy ; fcwr we cannot conceive the activity 
of Force, or the resistance of Matter, to be independent 
powers. But these are its lower attributes. The Vital 
Powers, the Animal Soul, which are the Causes of the 
actions of living things, are only the Efiects of the 
Supreme Cause of Life. And this Cause, even in the 
lowest forms of (»*ganized bodies, and still more in 
those which stand higher in the scale, involves a 
reference to Ends and Purposes, in short, to manifest 
Final Causes. Since this is so, and since, even when 
we contemplate ourselves in a view studiously nar- 
rowed, we still find that we have Ideas, and Will and 
Personality, it would render our philosophy utterly 
incoherent and inconsistent with itseli^ to suppose that 
Personidity, and Ideas, and Will, and Purpose, do not 
belong to the Supreme Cause from which we derive 
all that we have and all that we are. 

But we may go a step further; — ^though, in our 
present field of speculation, we confine ourselves to 
knowledge founded on the facts which the external 
world presents to us, we cannot forget, in speaking of 
such a theme as that to which we have thus been led, 
that these are but a small, and the least significant 
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portion of the facts which bear upon it. We cannot 
fail to recollect that there are &cts belonging to the 
world within ns, which more readily and strongly- 
direct our thoughts to the Supreme Cause of all 
things. We can plainly discern that we have Ideas 
elevated above the region of mechanical causation, of 
animal existence, even of mei'e choice and will, which 
still have a clear and definite significance, a permanent 
and indestructible validity. We perceive as a fact, 
that we have a Conscience, judging of Eight and 
Wrong; that we have Ideas of Moral Good and Evil; 
that we are compelled to conceive the organization 
of the moral world, as well as of the vital frame, to 
be directed to an end and governed by a purpose. 
And since the Supreme Cause is the cause of these 
/ facts, the Origin of these Ideas, we cannot refiise to 
recognize BLim as not only the Maker, but the Gover- 
nor of the World ; as not only a Creative, bat a Pro- 
vidential Power; as not only a Universal Father, but 
an Ultimate Judge. 

We have already passed beyond the boundary of 
those speculations which we proposed to ourselves as 
the basis of our conclusions. Yet we may be allowed 
to add one other reflection. If we find in ourselves 
Ideas of Good and Evil, manifestly bestowed upon us 
to be the guides of our conduct, which guides we yet 
find it impossible consistently to obey; — ^if we find our- 
selves directed, even by our natural light, to aim at a 
perfection of our moral nature fix)m which we are con- 
stantly deviating through weakness and perverseness ; 
if, when we thus lapse and err, we can find, in the 
region of human philosophy, no power which can effiswe 
our aberrations, or reconcile our actual with our ideal 
being, or give us any steady hope and trust wifh re- 
gard to our actions, affcer we have thus discovered their 
incongruity with their genuine standard; — if we dis- 
cern that this is our condition, how can we fail to see 
that it is in the highest degree consistent with all the 
indications supplied by such a philosophy as that of 
which we have been attempting to lay the foundations, 
that the Supreme Cause, through whom man exists as 
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a moral being of vast capacities and infinite hopes, 
should have Himself provided a teaching for our igno- 
rance, a propitiation for our sin, a support for our 
weakness, a purification and sanctification of our 
nature? 

And thus, in concluding our long survey of the 
grounds and structure of science, and of the lessons 
which the study of it teaches us, we find ourselves 
brought to a point of view in which we can cordially 
sympathize, and more than sympathize, with all the 
loftiest expressions of admiration and reverence and 
hope and trust, which have been uttered by those who 
in former times have spoken of the elevated thoughts 
to which the contempktion of the nature and progress 
of human knowledge gives rise. We can not only hold 
with Galen, and Harvey, and all the great physio- 
logists, that the organs of animals give evidence of a 
purpose; — ^not only assert with Cuvier that this con- 
viction of a purpose can alone enable us to understand 
every part of every living thing; — ^not only say with 
Newton that 'every true step made in philosophy 
brings us nearer to the First Cause, and is on that 
account highly to be valued ;' — and that * the business 
of natural philosophy is to deduce causes from effects, 
till we come to the very First Cause, which certainly is 
not mechanical:' — but we can go much further, and 
declare, stiQ with Newton, that * this beautiful system 
could have its origin no other way than by the pur- 
pose and command of an intelligent and powerful Being, 
who governs all things, not as the soul of the world, 
but as the Lord of the Universe; who is not only God, 
but Lord and Governor.' 

When we have advanced so far, there yet remains 
one step. We may recollect the prayer of one, the 
master in this school of the philosophy of science: 
*This also we humbly and earnestly beg; — ^that hu- 
man things may not prejudice such as are divine; — 
neither that from the imlocking of the gates of sense, and 
the kindling of a greater natural light, anything may 
arise of incredulity or intellectual night towards divine 
mysteries; but rather that by oui* minds thoroughly 
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purged and cleansed from fancy and vanity, and yet 
subject and perfectly given up to the divine oracles, 
there may be given tmto futh the things that are 
j&dth's.' When we are thus prepared for a higher 
teaching, we may be ready to listen to a greater than 
Bacon, when he says to those who have sought their 
(J^d in the material universe, 'Whom ye ignorantly 
worship, him declcure I tmto you.' And when we re- 
collect how utterly inadequate all human language has 
been shown to be, to express the nature of that Su- 
preme Cause of the Natural, and Bational, and Moral, 
and Spiritual vorld, to which our Philosophy points 
with trembling finger and shaded eyes, we may i^eceive, 
with the less wonder but with IJie more reverence, 
the declaration which has been vouchsafed to us : 

EN APXH HN '0 AOrOIJ, KAI '0 AOrOi; HN IIPOS 
TON BEON, KAI GEOZ HN '0 AOrOZ. 
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BOOK IV. I^^^yi'ii^rvv (, 

OF THE LANGUAGE OF SCH^ciJAljl fX )UX 1 A , 



Intboduction. 

IT has been shown in the History of the Sciences^ 
and has further appeared in the course of the 
History of Ideas, that almost every step in the pro- 
gress of science is marked by the formation or appro- 
priation of a technical term. Common language has, 
in most cases, a certain degree of looseness and ambi- 
guity; as common knowledge has usually something of 
Tagueness and indistinctness. In common oases too, 
knowledge usually does not occupy the intellect alone, 
but more or less interests some affection, or puts in 
action the &.ncy; and common language, accommor 
dating itself to the office of expressing such know- 
ledge, contains, in every sentence, a tinge of emotion 
or of imagination. But when our knowledge becomes 
perfectly exact and purely intellectual, we require a 
la!nguage which shall also be exact and intellectual ; — 
which shall exclude alike vagueness and fancy, imper- 
fection and superfluity; — ^in which each term ^all 
convey a meaning steadily fixed and rigorously limited. 
Such a language that of science becomes, through the 
use of Technical Terms. And we must now endeavour 
to lay down some maxims and suggestions, by atten- 
tion to which Technical Terms may be better fitted to 
answer their purpose. In order to do this, we shall in 
NOV. OEa 17 
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the first place take a rapid survey of the manner in 
which Technical Terms have been employed from the 
earliest periods of scientific history. 

The progress of the use of technical scientific lan- 
guage offers to our notice two different and successive 
periods; in the first of which, technical terms were 
formed casually, as convenience in each case prompted ; 
while in the second period, technical language was con- 
structed intentionally, with set purpose, with a regard 
to its connexion, and with a view of constructing a 
system. Though the casual and the systematic forma- 
tion of technical terms cannot be separated by any 
precise date of time, (for at all periods some terms in 
some sciences have been framed unsystematically,) we 
may, as a general description, call the former the An- 
cient and the latter the Modem Period. In illustrating 
the two following Aphorisms, I will give examples of 
the course followed in each of these periods. 



Aphorism I. 

In the Ancient Period of Sciences, Technical Terms were 
formed in three dijfferent ways: — by appropriating common 
words and fiixsing their m,eaning; — by constructing terms 
containing a description; — by c&nstructing terms containing 
reference to a theory^ 

The earliest sciences offer the earliest examples of 
technical terms. These are Geometry, Arithmetic, and 
Astronomy; to which we have soon after to add Har- 
monics, Mechanics, and Optics. In these sciences, we 
may notice the above-mentioned three different modes 
in which technical terms were formed. 

I. The simplest and first mode of acqtdring techni- 
cal terms, is to take words current in common usage, 
and by rigorously defining or otherwise fixing their 
meaning, to fit them for the expression of scientific 
truths. In this manner almost all the fundamental 
technical terms of Geometry were formed. A sphere, 
a cone, a cylinder,' had among the Greeks, at firsts 
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meanings less precise than those which geometers gave 
to these words, and besides the mere designation of 
form, implied some use or application, A sphere 
((rKJHupa) was a hand-ball used in games; a cone (icwvos) 
was a boy's spinning-top, or the crest of a helmet; a 
cylinder (KvkivSpos) was a roller; a ctibe {kv^os) was a 
die : till these words were adopted hy the geometers, 
and made to signify among them pure modifications of 
space. So an cmgle (ywvta) was only a comer; a point 
{aif)fji€Lov) was a signal; a line (ypafifjirj) was a mark; a 
straight line (tvOcia) was marked by an adjective which 
at first meant only direct, A plane {i'n'C'7r€Sov) is the 
neuter form of an adjective, which by its derivation 
means on the ground, and hence flat. In all these 
cases, the word adopted as a term of science has its 
sense rigorously fixed; and where the common use of 
the term is in any degree vague, its meaning may be 
modified at the same time that it is thus limited. 
Thus a rJwrnbus (pofi^os) by its derivation, might mean 
any figure which is twisted out of a regular form; but 
it is confined by geometers to that figure which has 
four equal sides, its angles being oblique. In like 
manner, a trapezium (rpairi^iov) originally signifies a 
tahle, and thus might denote any form; but as the ta- 
bles of the Greeks had one side shorter than the oppo- 
site one, such a figure was at first called a trapeziv/m. 
Afterwards the term was made to 'signify any figure 
with four unequal sides; a name being more needful in 
geometry for this kind of figure than for the original 
form. 

This class of technical terms, namely, words adopted 
from common language, but rendered precise and de- 
terminate for purposes of science, may also be exem- 
plified in other sciences. Thus, as was observed in the 
early portion of the history of astronomy*, a day, a 
^rumth, a year, described at first portions of time marked 
by familiar changes, but afterwards portions determined 
by rigorous mathematical definitions. The conception 
of the heavens as a revolving sphere, is so obvious. 
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that we may consider the terms which involve this 
conception as parts of common language; as the pole 
(ttoXos); the emetic circle^ which includes the stars that 
never set*; the horizon {ppilmv) a boundary, applied 
technically to the circle boun^g the visible earth 
and sky. The tv/minga of the sun (rpoTral T^cA/oto), 
which are mentioned by Hesiod, gave occasion to the 
term tropics, the circles at which ti^e sun in his annual 
motion turns back from his northward or southward 
advance. The zones of the earth, (the torrid, tempe- 
rate, and frigid;) the gnomon of a dial; the limb (or 
border) of the moon, or of a circular instrument, are 
terms of the same class. An eclipse (&cA.€w/rts) is origi- 
nally a deficiency or disappearance, and joined with 
the name of the luminary, an eclipse of the sun or of 
the moon, described the phenomenon; but when the 
term became technical, it sufficed, without addition, ta 
designate the phenomenon. 

In Mechanics, the Greeks gave a scientific precision 
to very few words : we may mention weights (pdpea), 
the arm^s of a lever (jiyix^c), its fulcrum {yirofio^^^wv), 
and the verb to balance {Jxroppoftriiv), Other terms 
which they used, as momentv/m {poirrj) andybrce (Swaftts), 
did not acquire a distinct and definite meaning till the 
time of Galileo, or later. We may observe that all 
abstract terms, though in their scientific application 
expressing mere conceptions, were probably at first 
derived from some word describing external objects. 
Thus the Latin word for force, vis, seems to be con- 
nected with a Greek word, *s, or Fts, which often has 
nearly the same meaning; but originally, as it would 
seem, signified a sinew or muscle, the obvious seat of 
animal strength. 

In later times, the limitation imposed upon a word 
by its appropriation to scientific piirposes, is often 
more marked than in the cases above described. Thus 
the variation is made to mean, in astronomy, the se- 
cond inequality of the moon's motion; in magnetism, 
the variation signifies the angular deviation of the 
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compass-needle from the north; in pure mathematics, 
the variation of a quantity is the formula which ex- 
presses the result of any small change of the most 
general kind. In like manner, paa^allax (?ra/x£X\a^i9) 
denotes a change in general, but is used by astronomers 
to signify the change produced by the spectator's being 
removed from the center of the earth, his theoretical 
place, to the surface. Alkali at first denoted the ashes 
of a particular plant, but afterwards, all bodies having 
a certain class of chemical properties; and, in like 
manner, ocic?, the class opposed to alkali, was modified 
in signification by chemists, so as to refer no longer to 
the taste. 

Words thus borrowed from common language, and 
converted by scientific writers into technical terms, 
have some advantages and some disadvantages. They 
possess this great convenience, that they are under- 
■stood after a very short explanation, and retained in 
the memory without effort. On the other hand, they 
lead to some inconvenience; &>r since they have a 
meaning in common language, a careless reader is 
prone to disregard the technical limitation of this 
meaning, and to attempt to collect their import in sci- 
entific books, in the same vague and conjectural man- 
ner in which he collects the purpose of words in com- 
mon cases. Hence the language of science, when thus 
resembling common language, is liable to be employed 
with an absence of that sdentdfic precision which alone 
gives it value. Popular writers and talkers, when they 
speak oi force, momentvan, auction am.d reactiony and 
the like, often afford examples of the inaccuracy thus 
arising from the scientific appropriation of common 
terms. 

II. Another class of technical terms, which we 
find occurring as soon as speculative science assumes a 
distinct shape, consists of those which are intentionally 
constructed by speculators, and which contain some 
description or indication distinctive of the conception* 
to which they are applied. Such are a pa/ralldogra/m 
{irofiaXXriXoypafifiov), which denotes a plane figure 
bounded by two pairs of parallel lines; a paraMelopiped 



Digitized 



by Google 



262 APHORISMS CONCERNING 

(iropaXXiyXoirnrcSov), which signifies a solid figure 
botmded by three pairs of parallel planes. A tricmgle 
(rptycDvo?, trigon) and a quadrangle (rerpayoivo?, tetra- 
gon) were perlu^ words invented independently of 
the mathematicians : but such words extended to other 
cases, pentagon, decagon, Jiecccedecagon, polygon^ are 
inventions of scientific men. Such also are tetrahe- 
dron^ hexaJiedron, dodecahedron, tesseracontaoctohedron, 
polyhedron, and the like. These words being* con- 
structed by speculative writers, explain themselves, or 
at least require only some conventional limitation, 
easily adopted. Thus pa/rallelogram might mean a 
figure bounded by any nimiber of sets of parallel lines, 
but it is conventionally restricted to a figure of /our 
sides. So a great cirde in a sphere means one which 
passes through the center of the sphere; and a small 
ci/rcle is any other. So in trigonometry, we have the 
hypotenuse (vworevova-a), or subtending line, to desig- 
nate the line subtending an angle, and especially a 
right angle. In this branch of mathematics we have 
many invented technical terms; as complement, supple^ 
ment, cosine, cotangent, a spherical a/ngle, \>ke pole of db 
circle, or of a sphere. The word sine itself appears to 
belong to the class of terms already described as sci- 
entific appropriations of common terms, although its 
origin is somewhat obscure. 

Mathematicians were naturally led to construct 
these and many other terms by the progress of their 
speculations. In like manner, when astronomy took 
the form of a speculative science, words were invented 
to denote distinctly the conceptions thus introduced. 
Thus the sun's annual path among the stars, in which 
not only solar, but also all lunar eclipses occur, was 
termed the ecliptic. The circle which the sun describes 
in his diurnal motion, when the days and nights are 
equal, the Greeks called the equidiurnal (icny/jteptvos,) 
the Latin astronomers the equinoctial, and the corre* 
sponding circle on the earth was the equator. The 
ecliptic intersected the equinoctial in the equinoctial 
points. The solstices (in Greek, Tpoiral) were the times 
when the sun arrested his motion northwards or south- 
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wards; and the solstitial points (ra rpomKa arffieid) 
were the places in the ecliptic where he then was. 
The name of meridicms was given to circles passing 
through the poles of the equator; the solstitial colure 
(icoXovpos, curtailed), was one of these circles, which 
passes through the solstitial points, and is intercepted 
by the horizon. 

We have borrowed from the Arabians various astro- 
nomical terms,, as Zenith, Nadir, Azimuth, Almacanta/r, 
And these words, which among the Arabians probably 
belonged to the first class, of appropriated scientific 
terms, are for us examples of the second class, invented 
scientific terms; although they differ from most that 
we have mentioned, in not containing an etymology 
corresponding to their meaning in any language with 
which European cultivators of science are generally 
familiar. Indeed, the distinction of our two classes, 
though convenient, is in a great measure, casual Thus 
most of the words we formerly mentioned, as parallax, 
horizon, eclipse, though appropriated technical terms 
among the Greeks, are to us invented technical terms. 

In the construction of such terms as we are now con-» 
sidering, those languages have a great advantage which 
possess a power of forming words by composition. This 
was eminently the case with the Greek language; and 
hence most of the ancient terms of science in that Ian-- 
guage, when their origin is once explained, are clearly 
understood and easily retained. Of modem European 
languages, the German possesses the greatest facility of 
composition; and hence scientific authors in that lan- 
guage are able to invent terms which it is impossible 
to imitate in the other languages of Europe. Thus 
Weiss distinguishes his various systems of crystals as 
{iwei^nd-zwd-gliedrig, ein-und-zweirgliedrig, drey-^nd- 
d^'ey-gliedrig, <Ssc., (two-and-two-membered, one-and* 
two-membered, <kc.) And Hessel, also a writer on 
crystallography, speaks of donhly-one-membered edges, 
fov/r-and-three spaced rays, and the like. 

How far the composition of words, in such cases, 
may be practised in the English language, and the 
general question, what are the best rules and artifices 
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in such oases, I shall afterwards consider. In the 
mean time, I may observe that this list of inyented 
technical terms might easily be much enlarged. Thus 
in harmonics we have the yarious intervals, as a Fourth, 
a Fifth, an Octave^ (BicUessaron, Diapente, Diapason,) a 
Convma, which is the difference of a Major and Minor 
Tone; we have the various Moods or Ke^/s, and the 
notes of various lengths^ as Minimus, Breves, Semibreves, 
Quavers, In chemistry, Ga^ was at first a technical 
term invented by Yan Helmont, though it has now- 
been almost adopted into common language. I omit 
many words which will perhaps suggest themselves to 
the reader, because they belong rather to the next 
class, which I now proceed to notice. 

III. The third class of tedinical terms consists of 
such as are constructed by men of science, and involve 
some theoretical idea in ^e meaning which their deri- 
vation implies. They do not merely describe, like the 
class last spoken of, but describe with re^ence to 
some doctrine or hypothesis which is accepted as a 
portion of science. Thus latUvde and longitude, ac- 
cording to their origin, signify breadth and length; 
they are used, however, to denote measures of the dis- 
tance of a place on the earth's surface from the equator, 
and fix)m the first meridian, of which distances, one 
cannot be called length more properly than the other. 
But this appropriation of these words may be explained 
by recollecting that the earth, as known to the ancient 
geographers, was much further extended £rom east to 
west than from north to south. The Precession of the 
equinoxes is a term which implies that the stars are 
fixed, while the point which is the origin of the mea- 
sure of celestial longitude moves backward. The Right 
Ascension of a star is a measure of its position corre- 
sponding to terrestrial longitude; this quantity is iden- 
tical with the angular ascent of the equinoctial point, 
when the star is in the horizon in a right sphere; that 
is, a sphere which supposes the spectator to be at the 
equator. The Obliqus Ascension (a term now little 
used), is derived in like manner from an oblique sphere. 
The motion of a planet is direct or retrograde^ in con- 
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aequerUia (signa), or in cmtecedentiaf in reference to a 
certain assumed standard direction for celestial motions, 
namely, the direction opposite to that of the sun's daily 
motion, and agreeing with his annual motion among 
the stars; or with what is much more evident, the 
moon's monthly motion. The eqtuUion of time is the 
quantity which must be added to or subtracted from 
the time marked by the sun, in order to reduce it to a 
theoretical condition of equable progress. In like 
manner the eqtuUion of the center of the sun or of the 
moon is the angle which must be added to, or sub- 
tracted from, the actual advance of the luminary in 
the heavens, in order to make its motion equable. 
Besides the equation of the center of the moon, which 
represents the first and greatest of her deviations fix)m 
equable motion, there are many other eqtuitionSy by 
the application of which her motion is brought nearer 
and nearer to perfect uniformity. The second of these 
equations is called the evectum, the third the vo/ricUion, 
the fourth the anniud equaiion. The motion of the 
sun as affected by its inequalities is called his anomaly , 
which term denotes inequality. In the History of 
Astronomy, we find that the inequable motions of the 
sun, moon, and planets were, in a great measure, re- 
duced to rule and system by the Greeks, by the aid of 
an hypothesis of circles, revolving, and carrying in 
their motion other circles which also revolved. This 
hypothesis introduced many technical terms, as de^ 
f&renty epicycle, eccentric. In like manner, the theo^ 
ries which have more recently taken the place of the 
theory of epicycles have introduced other technical 
terms, as the elliptical orbit, the raMuB vector, and the 
equable description ofa/reas by this radius, which phrases 
express the true laws of the planetary motions. 

There is no subject on which theoretical views have 
been so long and so extensively prevalent as astronomy, 
and therefore no other science in which there are so 
many technical terms of the kind we are now consider- 
ing. But in other subjects also, so fitr as theories have 
been established, they have been accompanied by the 
introduction or fixation of technical terms. Thus, as 
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we have seen in the examination of thefonndations of 
mecbaDicSy the terms f<yrce and inertia derive their 
precise meaning from a recognition of the first law of 
motion; accelerating force and composition of motion 
involve the second law ; moving force^ m^ymefrdwin^ a^ion 
and reaction, are expressions which imply the third law* 
The term via viva was introduced to express a general 
property of moving bodies; and other terms have been 
introduced for like purposes, as impet/ua by Smeaton, 
and work done, by other engineers. In the recent 
writings of several French engineers, the term tra/vaU 
is much employed, to express the work done and the 
force which does it : this term has been rendered by 
labouring force. The proposition which was termed 
the hydrostatic paradox had this name in reference to 
its violating a supposed law of the action of forces. 
The verb to gravitate, and the abstract term graviba- 
turn, sealed the establishment of Newton's theory of 
the solar system. 

In some of the sciences, opinions, either false, or 
disguised in very fimtasticsJ imagery, have prevailed ; 
and the terms which have been introduced during the 
reign of such opinions, bear the impress of the time. 
Thus in the days of alchemy, the substances with 
which the operator dealt were personified; and a metal 
when exhibited pure and free from all admixture was 
considered as a little king, and was hence called a 
regvlus, a term not yet quite obsolete. In like man- 
ner, a substance from which nothing more of any value 
could be extracted, was dead, and was called a caput 
Tnortwum, Quick silver, that is, live silver {a/rgentum 
vivwrri), was killed by certain admixtures, and was re- 
vvved when restored to its pure state. 

We find a great number of medical terms which 
bear the mark of opinions formerly prevalent amopg 
physicians ; and though these opinions hardly form a 
part of the progress of science, and were not presented 
in our History, we may notice some of these terms as 
examples of the mode in which words involve in their 
derivation obsolete opinions. Such words as hysterics, 
hypochondriac, rnekmcholy, cholera, colic, quinsey {squi- 



Digitized 



by Google 



THE LANGUAGE OF SCIENCE. 267 

ncmtia, (rwayyrj, a suffocation), megrim, migrodne {he-- 
micranium, the middle of the skuU), rickets, {rachitis, 
from paxt9, the backbone), palsy, (paralysis, Trapdkv^ 
oxs,) apoplexy {aTrowkq^Ca, a stroke), emrods, (alfiop* 
potSes, hemorrhoids, a flux of blood), imposthurm, (cor- 
rupted from aposteme, dvoarrffm, an abscess), phthisic 
{<f>Oia-Ls, consumption), tympa/ny (rv/xTravia, swelling), 
dropsy (hydropsy, vSpanj/,) sciatica, isciatica (Mrp^toSt/o/, 
frt)m laxCov, the hip), catarrh (icarappovs, a flowing 
down), diarrhoea (Stappota, a flowing through), diabetes 
(Sta^ifrTys, a passing through), dysentery (Svo-cvrcpta, a 
disorder of the entrails), a^rthritic pains (from apOpa, 
the joints), are names derived from the supposed or 
real seat and circumstances of the diseases. The word 
from which the first of the above names is derived 
(voTcpa, the last place,) signifies the womb, according 
to its order in a certain systematic enumeration of 
parts. The second word, hypochondriac, means some^ 
thing affecting the viscera below the cartilage of the 
breastbone, which cartilage is called xov^po*;", mela/n- 
choly and cholera derive their names from supposed 
affections of x^^^, the bile. Colic is that which affects 
the colon (icaJXov), the largest member of the bowels. 
A disorder of the eye is called gvtta serena (the * drop 
serene' of Milton), in contradistinction to gutta tur* 
hida, in which the impediment to vision is perceptibly 
opake. Other terms also record the opinions of the 
ancient anatomists, as duodenwm, a certain portion of 
the intestines, which they estimated as twelve inches 
long. We might add other allusions, as the tendon of 
Achilles* 

Astrology also supplied a number of words founded 
upon fanciftd opinions; but this study having been 
expelled from the list of sciences, such words now sur- 
vive only so far as they have foxmd a place in common 
language. TTius men were termed mercurial, martial, 
jovial, or satv/mine, accordingly as their characters 
were supposed to be determined by the influence of the 
planets. Mercury, Mars, Jupiter, or Saturn. Other 
expressions, such as disastrous, ill-starred, eosorbitam,t, 
lord of the ascendant, and hence ascenda/ncy, influence, 
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a sphere of action, and the like, may serve to show- 
how extensively astrological opinions have affected 
language, though the doctrine is no longer a recognized 
science. 

The preceding examples will make it manifest that 
opinions, even of a recondite and complex kind, are 
often implied in the derivation of words; and thus will 
show hew scientific terms, framed by the cultivators 
of science, may involve received hypotheses and theo- 
riea When terms are thus constructed, they serve 
not only to convey with ease, but to preserve steadily 
and to difiuse widely, the opinions which ihey thus 
assume. Moreover, they enable the speculator to em- 
ploy these complex conceptions, the creations of sci- 
ence, and the results of much labour and thought, as 
readily and familiarly as if they were convictions bor- 
rowed at once from the senses. They are thus power- 
frd instruments in enabling philosophers to ascend 
from one step of induction and generalization to an- 
other; and hereby contribute powerfully to the ad- 
vance of knowledge and trutL 

It should be noticed, before we proceed, that the 
names of natural objects, when they come to be con- 
sidered as the objects of a science, are selected accord- 
ing to the processes already enumerated. For the 
most part, the natural historian adopts the common 
names of animals, plants, minerals, gems, and the like, 
and only endeavours to secure their steady and consis- 
tent application. But many of these names imply some 
peculiar, often fanciful, belief respecting the object. 

Various plants derive their names from their sup- 
posed virtues, as hemiaria, ruptvre-wort ; or from le- 
gends, as herha Scmcti Johannia, St, JohrCa wort. The 
same is the case with minerals: thus the topaa was 
asserted to come from an island so shrouded in mists 
that navigators could only conjectwre (roiraf €iv) where 
it was. In these latter cases, however, the legend is ' 
often not the true origin of the name, but is suggested 
by it. 

The privilege of constructing names where they are 
wanted, belongs to natural historians no less than to 
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the cultivators of physical science ; yet in the ancient 
world, writers of the former class appear rarely to 
have exercised this privilege, even when they felt the 
imperfections of the current language. Thus Aristotle 
repeatedly mentions classes of animals which have no 
name, as co-ordinate with classes that have names; 
but he hardly ventures to propose names which may 
supply these defects ^ The vast importance of nomen- 
clature in natural history was not recognized till the 
modem period. 

We have, however, hitherto considered only the 
formation or appropriation of single terms in science ; 
except so £su* as several terms may in some instances 
be connected by reference to a common theory. But 
when the value of technical terms began to be ftdly 
appreciated, philosophers proceeded to introduce them 
into their sciences more copiously and in a more syste- 
matic manner. In this way, the modem history of 
technical language has some features of a different 
aspect from the ancient; and must give rise to a sepa- 
rate Aphorism. 

Aphorism IT. 

In the Modem Period of Science, besides the three pro- 
cesses anciently employed in the formation of technical 
terms, there have been introduced System>atic Nomenclature, 
Systematic Termvnohgy, and the Systematic Modification of 
Terms to express theoretical relations'^. 

Writers upon science have gone on up to modem 
times forming such technical terms as they had occa- 
sion for, by the three processes above described; — 



* In his Hittory of Animdls, (b. i which has since been adopted by Na- 

c. vi), he says, that the great classes turalists. 

of animals are Qaadrapeds, Birds, 1 On the subject of Terminology 
Fishes, Whales ((7«tocean«), Oysters and Nomenclature, see also Apho- 
{Testttcecms), animals like crabs which risms LXXX Vm. and XCVIIL con- 
have no general name (Crustacecma), ceming Ideas, and b. viiL c iL of the 
soft animals (AfoJtusfes and Irueda), History of Scientific Ideas. In those 
He does, however, call the Crustaces places Ihave spoken of the distinction 
• by a name (Matocos^roca, soft-shelled) of Terminology and Nomendature. , 
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namely, appropriating and limiting words in common 
use; — constructing for themselves words descriptive of 
the conception which they wished to convey; — or 
fi:aming terms which by their signification imply the 
adoption of a theory. Thus among the terms intro- 
duced by the study of the connexion between maguet- 
ism and electricity, the word pole is an example of the 
first kind; the name of the subject, dectro-magnetianriy 
of the second; and the term cwrrent, involving an hy- 
pothesis of the motion of a fluid, is an instance of the 
third class. In chemistry, the term salt was adopted 
from common language, and its meaning extended to 
denote any compoimd of a certain kind; the term nevn 
Pral salt implied the notion of a balanced opposition in 
the two elements of the compound; and such words as 
svbdcid and aitperacid, invented on purpose, were in- 
troduced to indicate the cases in which this balance 
was not attained. Again, when the phlogistic theory 
of chemistry was established, the term phlogiston was 
introduced to express the theory, and from this* such 
terms as pklogisticated and depMogisticated were de- 
rived, exclusively words of science. But in such in- 
stances as have just been given, we approach towards 
a systematic modification of terms, which is a peculiar 
process of modem timea Of this, modem chemistry 
forms a prominent example, which we shall soon con^ 
sider, but we shall first notice the other processes men- 
tioned in the Aphorism. 

I. In ancient times, no attempt was made to invent 
or select a Nomenclature of the objects of Katural 
History which should be precise and permanent. The 
omission of this step by the ancient naturalists gave 
rise to enormous difficulty and loss of time when the 
sciences resumed their activity. We have seen in the 
history of the sciences of classification, and of botany 
in especial', that the early cultivators of that study in 
modem times endeavoured to identify all the plants 
described by Greek and Homan writers with those 
which grow in the north of Europe; and were involved 
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in endless confusion', by the multiplication of names 
of plants, at the same time superfluous and ambiguous. 
The Synonymies which botanists (Bauhin and others) 
found it necessary to publish, were the evidences of 
these inconveniences. In consequence of the defective- 
ness of the ancient botanical nomenclature, we are 
even yet uncertam with respect to the identification of 
some of the most common liees mentioned by classical 
writers*. The ignorance of botanists respecting the 
importance of nomenclature operated in another man- 
ner to impede the progress of science. As a good no- 
menclature presupposes a good system of classification, 
so, on the other hand, a system of classification cannot 
become permanent without a corresponding nomencla- 
ture. Csesalpinus, in the sixteenth century*, published 
an excellent system of arrangement for plants; but 
this, not being connected with any system of names, 
was never extensively accepted, and soon fell into ob- 
livion. The business of framing a scientific botanical 
classification was in this way delayed for about a cen- 
tury. In the same manner, Willoughby's classification 
of fishes, though, as Cuvier says, far better than any 
which preceded it, was never extensively adopted, in 
consequence of having no nomenclature connected 
with it. 

II. Probably one main cause which so long retarded 
the work of fixing at the same time the arrangement 
and the names of plants, was the great number of mi- 
nute and diversified particulars in the structure of each 
plant which such a process implied. The stalks, leaves, 
flowers, and fruits of vegetables, with their append- 
ages, may vary in so many ways, that common lan- 
guage is quite insufficient to express clearly and pre- 
cisely their resemblances and differences. Hence 
botany required not only a fixed system of names of 
plants, but also an artificial system of phrases fitted to 
describe their parts : not only a Nomendatwre, but also 



' Bid, Jnd Sc. b. xvL a iiL sect 3. 

4 For instance, whether the /a{jm< of the Latins be the beech or the 
chestnut « Jb. b. XTi c. iii sect 2. 
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a Termmology, The Terminology was, in fact, an in- 
stmment indispensably requisite in giving fixity to tlie 
Nomenclature. 'The recognition of the kinds of plants 
must depend upon the exact comparison of their re- 
semblances and differences; and to become a part of 
permanent science, this comparison must be recorded 
in words. 

The formation of an exact descriptiye language for 
botany was thus the first step in that systematic con- 
struction of the technical language of science, which is 
one of the main features in the intellectual history of 
modem timea The ancient botanists, as DeOandoUe^ 
says, did not make any attempt to select terms of 
which the sense was rigorously determined ; and each 
of them employed in his descriptions the words, meta- 
phors, or periphrases which his own genius suggested. 
In the History of Botany 7, 1 have noticed some of the 
persons who contributed to this improvement. *Clu- 
sius,' it is there stated, 'first taught botanists to de- 
scribe welL He introduced exactitude, precision, neat- 
ness, elegance, method: he says nothing superfluous; 
he omits nothing necessary.* This task was farther 
carried on by Jung and Bay^ In these authors we 
see the importance which Ibegan to be attached to the 
exact definition of descriptive terms; for example, Ray 
quotes Jung's definition of Ca/uliay a stalk. 

The improvement of descriptive language, and the 
formation of schemes of class&catioh of jSants, went 
on gradually for some time, and was much advanced 
by Toumefort But at last Linnaeus embodied and 
followed out the convictions which had gradually been 
accumulating in the breasts of botanists; and by re- 
modelling throughout both the terminology and the 
nomenclature of botany, produced one of the greatest 
reforms which ever took place in any science. He 
thus supplied a conspicuous example of such a reform, 
and a most admirable model of a language, fix>m which 



8 TheoT. Elem. de Bot. p. 327. 
^ Hint. Ind. Sc b. xvL c iU. sect 3. 
8 HixL Ind. ;Sc b. xtL a iii sect 3 (about A.D. x66(^. 
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Other sciences may gather great instruction. I shall 
not here give any account of the terms and words in- 
troduced by Linnaeus. They have beeli exemplified in 
the HiMory of Science^; and the principles which they 
involve I shall consider separately hereafter. I will 
only remind the reader that the great simplification in 
noTneHclature which was the residt of his labours, con- 
sisted in designating each kind of plant by a hvna/ry 
term consisting of the name of the germa combing 
with that of the species: aii artifioe seemingly obvious, 
but more convenient in its results than could possibly 
have been anticipated. 

Since Linnaeus, the progress of Botanical Anatomy 
and of Descriptive Botany have led to the rejection of 
several inexact expressions, and to the adoption of 
several new terms, especially in describing the struc- 
ture of the firuit and the parts of cryptogamous plants. 
Hedwig, Medikus^ Keeker, Desvaux, Mirbel, and es- 
pecially G«ertner, Link, and Richard, have proposed 
several useful innovations, in these as in other parts 
of. the subject; but the general mass of the words 
noiv «irrent ccmsists still, and will probably continue 
to consist, of the terms established by the Swedish 
Botanist'**. 

When it was seen that botany derived so great ad- 
vantages from a systematic improvemeat of its lan- 
guage, it was natural that other sciences, and especially 
classificatory sciences, should endeavour to follow its 
example. This attempt was made^in Mineralogy by 
Werner, and afterwards further pursued by Mohs. 
Werner's innovations in the descriptive language of 
Mineralogy were the result of great acuteness, an inti- 
mate acquaintance with minearals, and a most methodi- 
cal spirit: and were in most re^)ects great improve- 
ments upon previous practices. Yet the introduction 
of them into Mineralogy was far from regenerating 
that science, as Botany had been regenerated by the 
Linn»an reform. It would seem that the perpetual 



* Ib.c iv. sect 1—3. 

^ De CandoUe, Th. EUm, p. 307. 
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scrupulous attention to most minute differences, (as of 
lustre, colour, fracture,) the greater part of which are 
not really important, fetters the mind, rather than 
disciplines it or arms it for generalization. Cuvier has 
remarked" that Werner, after his first Essay on the 
Characters of Minerals^ wrote little; as if he had been 
afraid of using the system which he had created, and 
desirous of escaping from the chains which he had 
imposed upon others. And he justly adds, that Werner 
dwelt least, in his descriptions, upon that which is 
really the most important feature of all, the crystalline 
structure. This, which is truly a definite character, 
like those of Botany, does, when it can be clearly dis- 
cerned, determine the place of the mineral in a system. 
This, therefore, is the character which, of all others, 
ought to be most carefully expressed by an appropriate 
language. This task, hardly begun by Werner, has 
since been fully executed by others, especially by Rom6 
de risle, Haiiy, and Moha All the forms of crystals 
can be described in the most precise manner by the 
aid of the labours of these writers and their successors. 
But there is one circumstance well worthy our notice 
in these descriptions. I^ is foxmd that the language 
in which they can best be conveyed is not that of 
words, but of symbols. The relations of space which 
are involved in the forms of crystalline bodies, though 
perfectly definite, are so complex and numerous, that 
they cannot be expressed, except in the language of 
mathematics: and thus we have an extensive and 
recondite branch of mathematical science, which is, in 
fact, only a part of the Terminology of the minera- 
logist. 

The Terminology of Mineralogy being thus reformed, 
an attempt was made to improveits Nomenclature also, 
by following the example of Botany. Professor Mohs 
was the proposer of this innovation. The names framed 
by him were, however, not composed of two but of 
three elements, designating respectively the Species, 
the Genus, and the Order" ; thus he has such species as 



** J^oflW«, ii. 314. i« Mist, IncU Sc. b. xv. c. ix. 
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Rhomhohedral Lime Haloide, Octahedral FVaor Hdloide, 
Prismatic Hal Ba/ryte, These names have not been 
generally adopted; nor is it likely that any names 
constructed on such a scheme will find acceptance 
among mineralogists, till the higher divisions of the 
system are found to have some definite character. We 
see no real mineralogical significance in Mohs's Genera 
and Orders, and hence we do not expect them to retain 
a permanent place in the science. 

The only systematic names which have hitherto 
been generally admitted in Mineralogy, are those ex- 
pressing the chemical constitution of the substance ; 
and these belong to a system of technical terms dif- 
ferent from any we have yet spoken of, namely to 
terms formed by systematic modification. 

III. The language of Chemistry was already, as we 
have seen, tending to assume a systematic character, 
even imder the reign of the phlogiston theory. But 
when oxygen succeeded to the throne, it very fortu- 
nately happened that its supporters had the courage 
and the foresight to imdertake a completely new and 
systematic recoinage of the terms belonging to the sci- 
ence. The new nomenclatui^ was constructed upon a 
principle hitherto hardly applied in science, but emi- 
nently commodious and fertile; namely, the principle 
of indicating a modification of relations of elements, 
by a change in the termination of the word. Thus 
the new chemical school spoke of sulphwric and sulph- 
urous acids; of sulphate* and sulpht^e^ of bases; and 
of sulphwre<« of metals; and in like manner, of phos- 
phoric and \ihoBphorou8 acids, of phosjotoe«, phosjoAtfe^, 
pho8jt?Awr6te. In this manner a nomenclature was pro- 
duced, in which the very name of a substance indicated 
at once its constitution and place in the system. 

The introduction of this chemical language can never 
cease to be considered one of the most important steps 
ever made in the improvement of technical terms; and 
as a signal instance of the advantages which may re- 
sult from artifices apparently trivial, if employed in a 
manner conformable to the laws of phenomena, and 
systematically pursued* It was, however, proved that- 

18—2 
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this language, with all its merits, had some defects. 
The relations of elements in composition were dis- 
covered to be more numeroos than the modes of 
expression which the terminations supplied. Besides 
the sulphurous and sulphuric acids, it appeared there 
were others; these were called the hypoml/phvn'oua and 
Jhyposvlphv/ric : but these names, though convenient, 
no longer implied, by their form, any definite relation. 
The compounds of Nitrogen and Oxygen are, in order, 
the Protoxide^ the Deutoxide or Binoaside; Hypo- 
nUroua Acid, Nitrous Acid, and NUric Acid. The 
nomenclature here ceases to be systematia We have 
three oxides of Iron, of which we may call the first the 
Protoxide, but we cannot call the others the Deutoxide 
and Tritoxide, for by doing so we should convey a 
perfectly erroneous notion of the proportions of the 
elements. They are called the Protoxide, the Black 
Oxide, and the Peroxide, We are here thrown back 
upon terms quite unconnected with the system. 

Other defects in the nomenclatnre arose from errours 
in the theory; as for example the names of the mtiri-r 
atic, oxy muriatic, and hyperoxymuriatic acids; which^ 
after the establishment of the new theory of chlorine, 
were changed to hydrochloric acid, chlorine, and c/Uoric 
acid. 

Thus the chemical system of nomenclature, founded 
upon the oxygen th^ry, while it shows how much may 
be efiected by a good and consistent scheme of terms, 
framed according to the real relations of objects, proves 
also that such a scheme can hardly be permanent in 
its original form, but will almost inevitably become 
imperfect and anomalous, in consequence of the accu- 
mulation of new fEu^ts, and the introduction of new 
generalizations. Still, we may venture to say that 
such a scheme does not, on this account, become worth- 
less ; for it not only answers its purpose in the stage of 
scientific progress to which it belongs : — so far as it is 
not erroneous, or merely conventional, but really sys- 
tematic and significant of truth, its terms can be trans- 
lated at once into the language of any higher generali- 
zation which is afterwards arrived at. If terms express 
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relations really ascertained to be true, they can never 
lose their value by any change of the received theory. 
They are like' coins of pure metal, which, oven when 
carried into a country which does not recognize the 
sovereign whose impress they bear, are still gladly re- 
ceived, and may, by the addition of an explanatory 
mark, continue part of the common currency of the 
country. 

These two great instances of the reform of scientific 
language, in Botany and in Chemistry, are much the 
most important and instructive events of this kind 
which the history of science offers. It is not necessary 
to pursue our historical survey further. Our remain- 
ing Aphorisms respecting the Language of Science 
will be collected and illustrated indiscriminately, from 
the precepts and the examples of preceding philoso- 
phers of all periods *^ 

We may, however, remark that Aphorisms III., IV., 
v., VL, VII., respect peculiarly the Formation of 
Technical Terms by the Appropriation of Common 
Words, while the remaining ones apply to the Forma- 
tion of New Terms. 

It does not appear possible to lay down a system of 
rules which may determine and regulate the construc- 
tion of all technical terms, on all the occasions on 
which the progress of science makes them necessary or 
convenient. But if we can collect a few maxims such 
as have already offered themselves to the minds of phi- 
losophers, or such as- may be justified by the instances 
by which we shall illustrate them, these maxims may 
avail to guide us in doubtful cases, and to prevent our 
aiming at advantages which are unattainable, or being 
disturbed by seeming imperfections which are really 
no evils. I shall therefore state such maxims of this 
kind as seem most sound and useful* 



1' See at the end of these Aphor- from the recent history of C!ompara- 
isms, ftirther illustrations of them tive Anatomy and Chemistry. 
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Aphobism III. 

In framing tdmUfUy termi^ ihe appropriation of old 
words is preferable to the invention of new ones. 

This maxim is stated by Bacon in his usual striking 
manner. After mentioning Metaphyaic, as one of the 
divisions of Natural Philosophy, he adds^ : * "Wherein 
I desire it may be conceived that I use the word meton 
physic in a different sense from that that is received : 
and in like manner I doubt not but it will easily 
appear to men of judgment that in this and other par- 
ticulars, wheresoever my conception and notion may 
differ from the ancient, yet I am studious to keep the 
ancient terms. For, hoping well to deliver myself from 
mistaking by the order and perspicuous expressing of 
that I do propound; I am otherwise zealous and affec- 
tionate to recede as little from antiquity,' either in 
terms or opinions, as may stand with truth, and the 
proficience of knowledge, ... To me, that do desire, 
as much as lieth in my pen, to ground a sociable inter- 
course between antiquity and proficience, it seemeth 
best to keep a way with antiquity icsque ad aras; and 
therefore to retain the €incient terms, though I some- 
times alter the uses and definitions ; according to the 
moderate proceeding in civil governments, when, al- 
though there be some alteration, yet that holdeth 
which Tacitus wisely noteth, eadem magistratuum, 
vocahula,^ 

We have had before us a sufficient number of ex- 
amples of scientific terms thus framed ; for they formed 
the first of three classes which we described in the 
First Aphorism. And we may again remark, that 
science, when she thus adopts terms which are in com- 
mon use, always limits and fixes their meaning in 
a technical manner. We may also repeat here the 
warning already given respecting terms of this kind, 
that they are peculiarly liable to mislead readers who 



1 De Augm. Ub. iii a ir. 



Digitized 



by Google 



THE LANGUAGE OF SCIENCE. Sj'^ 

do not take care to understand them in their technical 
instead of their common signification. Force, momenr 
turn, inertiu, impetus, vis viva, are terms which are 
very useful, if we rigorously bear in mind the import 
which belongs to each of them in the best treatises on 
Mechanics; but if the reader content himself With 
conjecturing their meaning from the context, hi» 
knowledge will be confused and worthless. 

In the application of this Third Aphorism, other 
rules are to be attended to, which I add. 



APHORISAt lY. 

When common words are appropriated as technical terms, 
their meaning and relations in common use should be retained 
as far as can conveniently he done, 

I WILL state an example in which this rule seems to 
be applicable. Mr Davies Gilbert^ has recently pro- 
posed the term efficiency to designate the work which 
a machine, according to the force exerted upon it, is^ 
capable of doing; the work being measured by the, 
weight raised, and the space through which it is raised,, 
jointly. The usual term employed among engineers 
for the work which a machine actually does, measured 
in the way just stated, is duty. But as there appears 
to be a little incongruity in calling that work efficiency 
which the machine ought to do, when we call that 
work duty which it really does, I have proposed to 
term these two quantities theoretical efficiency and 
practical efficiency, or theoretical duty and practical 
duty^. 

Since common words are often vague in their mean- 
ing, 1 add as a necessary accompaniment to the Third 
Aphorism the following : — 



^ PML Tran». 1827, p. 25. retiad duty. This tenn has been 

* The tenntraraii is used by French rendered in English by labouring 
engineers, to express efficiency or theO' force. 
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Aphorism Y, 

When common words are appropriaied as technical termSs 
their meaning ma.y he modified^ and must he rigorously fixed. 

This is stated by Bacon in the above extract : ' to 
retain the ancient terms, though I sometimes alter the 
uses and dejmitiona.^ The scientific use of the term is 
in all cases much more precise than the common use. 
The loose notions of velocity and force for instance, 
which are sufficient for the usual purposes of language, 
require to be fixed by exact measures when these are 
made terms in the science of Mechanics. 

This scientific fixation of the meaning of words is to 
be looked upon as a matter of convention, although it 
is in reality often an inevitable result of the progress 
of science. Momentum is conventionally defined to be 
the product of the numbers expressing the weight and 
the velocity; but then, it coiild be of no use in ex- 
pressing the laws of motion if it were defined otherwise. 

Hence it is no valid objection to a scientific term 
that the word in common language does not mean 
exactly the same as in its common use. It is no 
sufficient reason against the use of the term acid for a 
class of bodies, that all the substances belonging to 
this class are not sour. We have seen that a trape- 
zium, is used in geometry for any four-sided figure, 
though originally it meant a figure with two opposite 
sides parallel and the two others equal. A certain 
stratum which lies below the chalk is termed by 
English geologists the green sand. It has sometimes 
been objected to this denomination that the stratum 
has very frequently no tinge of green, and that it is 
often composed of lime with little or no sand. Yet 
the term is a good technical term in spite of these 
apparent improprieties; so long as it is carefully ap- 
plied to that stratum which is geologically equivalent 
to the greenish sandy bed to which the appellation was 
originafly applied. 

When it appeared that geomMry would have to be 
employed as much at least about the heavens as the 
earth, Plato exclaimed against the folly of calling the 
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science bj such a name; since the word signifies 
'earth-measuring;' yet the word geomet/ry has retained 
its place and answered its purpose p^ectly well up to 
the present daj. 

But though the meaning of the term may be modi- 
fied or extended, it must be rigorously fixed when it is 
appropriated to science. This process is most abun- 
dantly exemplified by the terminology of Natural His- 
tory, and especially of Botany, in which each term has 
a most precise meaning assigned to it. Thus Linnseus 
established exact distinctions between yflwctc««/t«, capi- 
ttUtmiy rctcerrme, thyrsuSf pcmiculuSj apica, amentimi, 
eorymbuSj umbeUa, cyma^ vertic^uB; or, in the lan- 
guage of English Botanists, a tufi^ a kead, a duster, a 
hunch, a pcmicle, a spike, a catkin, a corymh, cm umbel, 
a cyme, a whorl. And it has since been laid down as 
a rule^, that each organ ought to have a separate and 
appropriate name; so that the term leaf, for instance, 
shall never be applied to a leaflet, a hractea, or a sepal 
of the calyx. 

Botanists have not been content with fixing the 
meaning of their terms by verbal definition, but have 
also illustrated them by figures, which address the eye. 
Of these, as excellent modem examples, may be men- 
tioned those which occur in the works of Mirbel*, and 
lindley*. 

Aphorism VL 

Wlien common words are appropriated as technical terms, 
this must be done so that they are not ambiguous in their 
application. 

An example will explain this maxim. The condi- 
tions of a body, as a solid, a liqidd, and an air, have 
been distinguished as difierent^^m^ of the body. But 
the word form, as applied to bodies, has other mean- 
ings; so that if we were to inquire in whai form 
water exists in a snow-cloud, it might be doubted 
whether the forms of crystallization were meant, or 



1 De Candolle, Thwr, ^ 328. • ' EUmmt de Botaniqw, 

* BUmenit of Botany. 
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the different forms of ice, water, and vapour. Hence 
I have proposed* to reject the term form in such cases, 
and to speak of the different consistence of a body in 
these conditions. The term consistence is usually ap- 
plied to conditions between solid and fluid; aud may 
without effort be extended to those limiting conditions. 
And though it may appear more harsh to extend the 
term consistence to the state of air, it may be justified 
by what has been said in speaking of Aphorism Y. 

I may notice another example of the necessity of 
avoiding ambiguous words. A philosopher who makes 
method his study, would naturally be termed a method- 
ist; but unluclaly this word is already appropriated 
to a religious sect : and hence we could hardly venture 
to speak of Csesalpinus, Eay, Morison, Rivinus, Tour- 
nefort, linnseus, and their successors, as botanical mC" 
thodists. Again, by this maxim, we are almost debar- 
red from using the term physician for a cultivator of 
the science of physics, because it already signifies a 
practiser of physic. We might, perhaps, still use phy^ 
sicia>n as the equivalent of the French physicien, in 
virtue of Aphorism Y, ; but probably it would be bet- 
ter to form a new word. Thus we may say, that while 
the !N'aturalist employs principally the ideas of resem- 
blance and life, the Physicist proceeds upon the ideas 
of force, matter, and the properties of matter.. 

Whatever may be thought of this proposal, the 
maxim which it implies is frequently useful. It is 
this. 

Aphobism YII. 

It is better to form new words as technical terms, than to 
employ old ones in which the last three Aphorisms cannot be 
complied with. 

The principal inconvenience attending the employ- 
ment of new words constructed expressly for the use 
of science, is the difficulty of effectually introducing 
them. Readers will not readily take the trouble to 
learn the meaning of a word, in which the memory is 



I Hist. Ind. 8c. h.x.c.iL sect 2. 

Digitized by VjOOQIC 



THE LANGUAGE OF SCIENCE. 283 

not assisted by some obvious suggestion connected with 
the common use of language. When this difficulty is 
overcome, the new word is better than one merely ap- 
propriated; since it is more secure from vagueness and 
confusion. And in cases where the inconveniences 
belonging to a scientific use of common words become 
great and inevitable, a new word must be framed and 
introduced. 

The Maxims which belong to the construction of 
such words will be stated hereafter; but I may notice 
an instance or two tending to show the necessity of 
the Maxim now before us. 

The word Force has been appropriated in the science 
of Mechanics in two senses : as indicating the cause of 
motion; and again, as expressing certain measures of 
the effects of this cause, in the phrases accelerating 
force and moving force. Hence we might have occa- 
sion to speak of the accelerating or moving force of a 
certain ybrcc; for instance, if we were to say that the 
force which governs the motions of the planets resides 
in the sun; and that the accelerating force of ihi& force 
varies only with the distance, but its moving force 
varies as the product of the mass of the sun and the 
planet. This is a harsh and incongruous mode of ex- 
pression; and might have been avoided, if, instead of 
accelerating force and moving force, single abstract 
terms had been introduced by Newton : if, for in- 
stance, he had said that the velocity generated in a 
second measures the accelerativiiy of the force which 
produces it, and the momentimi produced in a second 
measures the motivity of the force. 

The science which treats of heat has hitherto had no 
special designation : treatises upon it have generally 
been termed treatises On Heai, But this practice of 
employing the same term to denote the property and 
the science which treats of it, is awkward, and often 
ambiguous. And it is further attended with this in- 
convenience, that we have no adjective derived from 
the name of the science, as we have in other cases, 
when we speak of acoustical experiments and optical 
theories. This inconvenience has led various persons 
to suggest names for tho Science of Heat» M. Comte 
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terms it Thermology, In the History of the Sciences, 
I have named it Thermotica, which appears to me to 
agree better with the analogy of the names of other 
corresponding sciences, Acouatica and Optica. 

Electricity is in the same condition as Heat; having 
only one word to express the property and the science. 
M. Le Comte proposes Electrdogy: for the same reason 
as before, I should conceive Electrica more agreeable to 
analogy. The coincidence of the word with the plural 
of Electric would not give rise to ambiguity; for Elec- 
tries, taken as the name of a science, would be singular, 
like Optics and Mechcmics, But a term offers itself to 
express common or machine Electrics, which ftppears 
worthy of admission, though involving a theoretical 
view. The received doctrine of the difference between 
Yoltaic and Common Electricity is, that in the former 
case the fluid must be considered as in motion, in the 
latter as at rest. The science which treats of the for- 
mer class of subjects is commonly termed Electrody- 
namics, which obviously suggests the name Electro- 
statics for the latter. 

The subject of the Tides is, in like manner, destitute 
of any name which designates the science concerned 
about it, I have ventured to employ the term Tido- 
logy, having been much engaged in tidological re- 
searches. 

Many persons possess a peculiarity of vision, which 
disables them from distinguishing certain colours. On 
examining many such cases, we find that in all such 
persons the peculiarities are the same; all of them 
confounding scarlet with green, and pink with blue. 
Hence they form a class, which, for the convenience of 
physiologists and others, ought to have a fixed desig- 
nation. Instead of calling them, as has usually been 
done, * persons having a peculiarity of vision,' we might 
take a Greek term implying this meaning, and term 
them Idiopts, 

But my business at present is not to speak of the 
selection of new terms when they are introduced, but 
to illustrate the maxim that the necessity for their in- 
troduction often arises. The construction of new terms 
will be treated of subsequently. 
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; Aphorism YIII. 

Terms mttst he constructed and approprmted so as to be 
fitted to enunciate simply and clearly true general pro^ 
positions. 

This Aphorism may be considered as the fundamen- 
tal principle and supreme rule of all scientific termi- 
nology. It is asserted by Cuvier, speaking of a par- 
ticular case. Thus he says* of Gmelm, that by placing 
the lamantin in the genus of morses, and the siren in 
the genus of eels, he had rendered every general pro- 
position respecting the organization of those genera 
impossible. 

The maxim is true of words appropriated as well 
as invented, and applies equally to the mathematical, 
chemical, and classificatory sciences. With regard to 
most of these, and especially the two former classes, it 
has been abundantly exemplified already, in what has 
previously been said, and in the History of the Sciences. 
For we have there had to notice many technical terms, 
with the occasions of their introduction; and all these 
occasions have involved the intention of expressing in 
a convenient manner some truth or supposed truth. 
The terms of Astronomy were adopted for the purpose 
of stating and reasoning upon the relations of the ce- 
lestial motions, according to the doctrine of the sphere, 
and the other laws which were discovered by astrono- 
mers. The few technical terms which belong to Me- 
chanics, force, velocity y TnomerUv/m, inertia, &c., were 
employed from the first with a view to the expression 
of the laws of motion and of rest; and were, in the 
end, limited so as truly and simply to express those 
laws when they were fully ascertained. In Chemistry, 
the term phlogiston was useful, as has been shown in 
the Histoid, in classing together processes which really 
are of the same nature; and the nomenclature of the 
oxygen theory was still preferable, because it enabled 
the chemist to express a still greater number of gene- 
ral trutLs. 



1 Rigne Animal^ Introd. riii. 
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To the connexion here asserted^ of theory and no- 
menclature^ we have the testimony of the author of 
the oxygen theory. In the Prefiswe to his Chemistry, 
Lavoisier says: — *Thus while I thought myself em- 
ployed only in forming a Nomenclature, and while I 
proposed to myself nothing more than to improve the 
chemical language, my work transformed itself by de- 
grees, without my being able to prevent it, into a 
Treatise on the Elements of Chemistry.' And he then 
proceeds to show how this happened. 

It is, however, mainly through the progress of Na- 
tural History in modem times, that philosophers have 
been led to see the importance and necessity of new 
terms in expressing new truths. Thus Harvey, in the 
Preface to his work on Generation, says : — * Be not 
offended if in setting out the History of the Egg I 
make use of a new method, and sometimes of unusual 
terms. For as they which find out a new plantation 
and new shores call them by names of their own coin- 
ing, which posterity afterwards accepts and receives, 
so those that find out new secrets have good title to 
their compellation. And here, methinks, I hear Gralen 
advising : If we consent in the things, contend not 
about the words.' 

The Nomenclature which answers the purposes of 
Natural History is a Systematic Nomenclature, and 
will be further considered under the next Aphorism. 
But we may remark, that the Aphorism now before 
us governs the use of words, not in science only, but 
in common language also. Are we to apply the name 
fish to animals of the whale kind ? The answer is de- 
termined by our present rule : we are to do so, or not, 
accordingly as we can best express true propositions. 
If we are speaking of the internal structure and phy- 
siology of the animal, we must not call them fish; for 
in these respects they deviate widely from fishes : they 
have warm blood, and produce and suckle their young 
as land quadrupeds do. But this would not prevent 
our spealong of the whale-fishery, and calling such ani- 
mals^A on all occasions connected with this employ- 
ment; for the relations thus arising depend upon the 
animal's living in the water^ and being caught in a 
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manner similar to other fishes. A plea that human 
laws which mention fish do not apply to whales, would 
be rejected at once by an intelligent judge. 

[A bituminiferous deposit which occurs amongst the 
coal measures in the neighbourhood of Edinburgh was 
used as coal, and called ^ Boghead Cannel Coal.' But 
a lawsuit arose upon the question whether this, which 
geologically was not the coal, should be regarded in 
law as coal. The opinion? of chemists and geologists, 
as well as of lawyers, were discrepant^ and a direct 
decision of the case was evaded*.] 



Aphorism IX. 

In the Classificatory Sciences^ a Systematic Nomencla- 
ture is necessary; and the System and the Nomenclature are 
each essential to the utility of the other. 

The inconveniences arising from the want of a good 
Nomenclature were long felt in Botany, and are still 
felt in Mineralogy. The attempts to remedy them by 
Synonymies are very ineffective, for such comparisons of 
synonyms do not supply a systematic nomenclature; 
and such a one alone can enable us to state general 
truths respecting the objects of which the classificatory 
sciences treat. The System and the Names ought to 
be introduced together; for the former is a collec- 
tion of asserted analogies and resemblances, for which 
the latter provide simple and permanent expressions. 
Hence it has repeatedly occurred in the progress of 
Natural History, that good Systems did not take root, 
or produce any lasting effect among naturalists, because 
they wei'e not accompanied by a corresponding No- 
menclatura In this way, as we have already noticed, 
the excellent botanical System of Csesalpinus was 
without immediate effect upon the science. The work 
of Willughby, as Cuvier says^, forms an epoch, and 
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a happy epoch in Ichthyology; yet because WiUnghby 
had uo Nomenclature of his own, and no fixed names 
for his genera, his immediate influence was not great. 
Again, in speaking of Schlotheim's work containing 
representations of fossil v^etables, M. Adolphe Bron- 
gniart observes' that the figures and descriptions are 
«o good, that if the author had established a nomen- 
lJ^,tare for . the objects he describes, his- work would 
have become the basis of all suoeeeding labomrs on 
the subject. 

As additional examples of cases in which the im- 
provement of classification, in recent times, has led 
philosophers to propose new names, I may mention 
the term FoscUUey proposed by Mr. Conybeare to de- 
signate the group of strata which lies below the oolites 
and lias, including the new red or variegated sand- 
stone, with the keuper above, and the magnesian lime- 
stone below it. Again, the transition districts of our 
island have recently been reduced to system by Pro- 
fessor Sedgwidk^uod Mr. Murchison; and thiff step has 
been marked by the terms Ccimbricm system, ancf 
SUiaricm system, applied to the two great groups of 
formations which they have respectively examined, 
and by several other names of the subordinate mem- 
bers of these formations. 

Thus System and Nomenclature are each essential 
to the other. Without N<mienclature, the system is 
not permanently incorporated into the general body of 
knowledge, and made an instrument of ^ture progress. 
Without System, the names cannot express general 
tniths, and contain no reason why they should be em- 
ployed in preference to any other names. 

This has been generally acknowledged by the most 
philosophical naturalists of modem times. Thus Lin- 
nseus begins that part of his Botanical Philosophy in 
which names are treated of, by stating that the founda- 
tion of botany is twofold, Disposition and Denomvnar 
tion; and he adds this Latin line, 

Nomina si nescis peiit et cognitio rerum. 



* Prodrom, Veg. Fon. p. 3. 
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And Ouvier, in the Prefece to his Animal Kingdom^ 
explains, in a very striking manner, how the attempt 
to connect zoology with anatomy led him, at the same 
time, to reform the classifications, and to correct the 
nomenclature of preceding zoologists. 

I have stated that in Mineralogy we are still desti- 
tute of a good nomenclature generally current. From 
what has now been said, it will be seen that it may 
be rery far from easy to supply this defect, since we 
have, as yet, no generally received system of mineralo- 
gical classification. Till we know what are really 
different species of minerals, and in what larger 
groups these species can be arranged, so as to have 
common properties, we shall never obtain a permanent 
mineralogical nomenclature. Thus LeucocyclUe and 
Tessdite are minerals previously confounded with 
Apophyllite, which Sir John Herschel and Sir David 
Brewster distinguished by those names, in consequence 
of certain optical properties which they exhibit. But 
are these properties definite distinctions? and are 
there any external differences corresponding to them? 
If not, can we consider them as separate species? and 
if not separate species, ought they to have separate 
names? In like manner, we might ask if Augiie and 
Hornblende are really the same species, as Gustavus 
Bose has maintained? ii Diallage and Hypersthene are 
not definitely distinguished, which has been asserted 
by Kobell? Till such questions are settled, we can- 
not have a fixed nomenclature in mineralogy. What 
appears the best course to follow in the present state 
of the science, I shall consider when we come to speak 
of the form of technical terms. 

I may, however, notice here that the main Forms 
of systematic nomenclature are two : — ^terms which 
are produced by combining words of higher and lower 
generality, as the binary names, consisting of the name * 
of the genus and the species, generally employed by 
natural historians since the time of Linnaeus; — ^and 
terms in which some relation of things is indicated by 
a change in the form of the word, for example, an 
alteration of its termination, pf which kind of nomen-» 
irov. o»a, 19 
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clature we tave a conspicuous example in tlie modem 
chemistry. 

Aphorism X. 

New terms and changes of terms, which are not needed in 
order to express truthf are to be avoided. 

As the Seventh Aphorism asserted that novelties 
in language may be and ought to be introduced, when 
they aid the enunciation of truths, we now declare 
that they are not admissible in any other case. New 
terms and new systems of terms are not to be intro- 
duced, for example, in virtue of their own neatness or 
symmetry, or other merits, if there is no occasion for 
their use. 

I may mention, as an old example of a superfluous 
attempt of this kind, an occurrence in the history of 
Astronomy. In 1628 John Bayer and Julius Schiller 
devised a Ccdum Christianum, in which the common 
names of the planets, (fee, were replaced by those of 
Adam, Moses, and the Patriarchs. The twelve Signs 
became the twelve Apostles, and the constellations 
became sacred places and things. Peireskius, who had 
to pronounce upon the value of this proposal, praised 
the piety of the inventors, but did not approve, he 
said^, the design of perverting and confounding what- 
ever of celestial information from the period of the 
earliest memory is found in books. 

Nor are slight anomalies in the existing language of 
science sufficient ground for a change, if they do not 
seriously interfere with the expression of our know- 
ledga Thus Linnseus says' that a fair generic name 
is not to be exchanged for another though apter one : 
and^ if we separate an old genus into several, we 
must try to find names for them among the synonyms 
which describe the old genus. This maxim excludes 
the restoration of ancient names long disused, no less 
than the needless invention of new ones. Linnseus 
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lays down this rule*; and adds, that the botanists of 
the sixteenth century well nigh ruined botany by their 
anxiety to recover the ancient names of plante. In 
like manner Cuvier* laments it as a misfortune, that 
he has had to introduce many new names; and declares 
earnestly that he has taken great pains to preserve 
those of his predecessors. 

The great bulk which the Synonymy of botany and 
of mineralogy have attained, shows us that this maxim 
Jias not been itniversally attended to. In these cases, 
however, the multiplication of different names for the 
same kind of object has arisen in general from ignor- 
ance of the identity of it under different circumstances, 
or from the want of a system which might assign to 
it its proper place. But there are other instances, in 
which the multiplication of names has arisen not from 
defect, but from excess, of the spirit of system. The 
love which speculative men bear towards symmetry 
and completeness is constantly at work, to make them 
create systems of classification more regular and more 
perfect than can be verified by the facts : and as good 
systems are closely connected with a good nomencla- 
ture, systems thus erroneous and superfluous lead to 
a nomenclature which is prejudicial to science. For 
although such a nomenclature is finally expelled, when 
it is found not to aid us in expressing the true laws 
of nature, it may obtain some temporary sway, during 
which, and even afterwards, it may be a source of 
much confusion. 

We have a conspicuous example of such a result in 
the geological nomenclature of Werner and his school 
Thus it was assumed, in Werner's system, that his 
First, Second, and Third Flotz Limestone, his Old and 
New Red Sandstone, were universal formations; and 
geologists looked upon it as their business tQ detect 
these strata in other countries. Names were thus 
assigned to the rocks of various parts of Europe, which 
created immense perplexity before they were again 
ejected. The geological terms which now prevail, for 
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instance, those of Smith, are for the most part not 
systematic, but are borrowed from accidents, as locali- 
ties, or popular names; as Oxford Clay and Com" 
brash; and hence they are not liable to be thrust out 
on a change of system. On the other hand w« do not 
find sufficient reason to accept the system of names <^ 
strata proposed by Mr. Conybeare in the Introductum 
to the Geology of England and Wales^ according to 
which the C<MrhoniferoiA8 Rocka are the Medial Ordery 
— Shaving above them the Supermedial Order {New Red 
Samd, Oolites and ChailJc), and abore these the Supe- 
rior Order {Tertia/ry Rocks); and again, — having 
below, the Svhmedial Order (the Tra/nsition Rocks\ 
and the Inferior Order {Mica Slate, Gneiss^ Granite). 
For though these names have long been proposed, it 
does not appear that they are useful in enunciating 
geological truths. We may, it would seem, pronounce 
the same judgment respecting the system of geological 
names proposed by M. Alexander Brongniart, in his 
Tableau des Terrains qui composent Vecorce du Globe. 
He divides these strata into nine classes, which he 
terms Terrains AlluvienSy Zysiens, Fyrogenes, Clys- 
fmenSf Yzemiens, Hermlysiens, Agalysiens, Plutoniques, 
Vulcomiqvss. These classes are again variously subdi- 
vided : thus the Terrains Yzemiens are ThcUa^ssiquss, 
Felagiqv£s, and Abyssiques; and the Abyssiques are 
subdivided into LiaSy Keuper, ConchUiens, FoecUiens, 
Feneens, Rtidimentairesy Untriiiques, Mouillers, Carbo- 
nifers and Grres Rouge Anden. Scarcely any amount 
of new truths would induce geologists to burthen 
themselves at once with this enormous system of new 
names : but in £Eict, it is evident that any portion of 
truth, which any author can have brought to light, 
may be conveyed by means of a much simpler appara- 
tus. Such a nomenclature carries its condemnation 
on its own face. 

Nearly the same may be said of the systematic no- 
menclature proposed for mineralogy by Professor Mohs. 
Even if all his Genera be really natural groups, (a doc- 
trine which we can have no confidence in till they are 
confirmed by the evidence of chemistry,) there is no 
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necessity to make so great a change in the received 
names of minerals. His proceeding in this respect, so 
di£ferent from the temperance of Iminseus and Cavier, 
has probably ensured a speedy oblivion to this part of 
his system. In crystallography, on the other hand, in 
which Mohs's improvements have been very valuable, 
there are several terms introduced by him, as rhomho- 
hedrony scaUnohed/ron, hemihedral, systems of crystalli- 
zation, which will probably be a permanent portion of 
the language of science. 

I may remark, in general, that the only persons who 
succeed in making great alterations in the language of 
sciaice, are not those who make names arbitrarily and 
as an exercise of ingenuity, but those who hav« much 
new knowledge to communicate; so that the vehicle is 
commended to general reception by the value of what 
it contains. It is only eminent discoverers to whom 
the authority is conceded of introducing a new system 
of names; just as it is only the highest authority in the 
state which has the power of putting a new coinage in 
circulation. 

I will here quote some judicious remarks of Mr. 
Howard, which fall partly under this Aphorism, and 
partly under some which follow. He had proposed, as 
names for the kinds of clouds, the following : GimLs, 
CirrocumvXvSy Girrostratvs, Gumvlostratus, Giimvlusy 
Nimbus, Stratios, In an abridgment of his views, given 
in the Supplement to the Encyclopcedia Britannica, En- 
glish names were proposed as the equivalents of these ; 
Cwrlcloudj Scmdercloudy Wcmecloud, Twainclond, Stack- 
enclovdj Raincloud, FaMcloud, Upon these Mr. How- 
ard observes : * I mention these, in order to have the 
opportunity of saying that I do not adopt them. The 
names for the clouds which I deduced from the Latin, 
are but seven in number, and very easy to remember. 
They were intended as arhitra/ry terms for the structure 
of clouds, and the meaning of them was carefully fixed 
by a definition. The observer having once made him- 
self master of this, was able to apply the term with 
correctness, after a little experience, to the subject 
und^ all its varieties of form, colour, or position. The 
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new named, if meant to be another set of arbitrary 
terms, are superfluous ; if intended to convey in them- 
selves an explanation in English, they fail in this, by 
applying to some part or circumstance only of the defi- 
nition ; the whole of which must be kept in view to 
study the subject with success. To take for an ex- 
ample the first of the modificationa The term cirrus 
very readily takes an abstract meaning, equally appli- 
cable to the rectilinear as to the flexuous forms of the 
subject. But the name of cwrl-cloud will not, without 
some violence to its obvuyus sense, acquire this more 
extensive one : and will therefore be apt to mislead the 
reader rather than further his progress. Others of 
these names are as devoid of a meaning obvious to the 
English reader, as the Latin terms themselves. But 
the principal objection to English or any other local 
terms, remains to be stated. They take away from 
the nomenclature its general advantage of constitute 
ing, as far as it goes, an universal language, by means 
of which the intelligent of every country may convey 
to each other their ideas without the necessity of 
translation.' 

I here adduce these as examples of the arguments 
against changing an established nomenclature. As 
grounds of selecting a new one, they may be taken 
into account hereafter. 



Aphorism XI. 

Terms which imply theoretical views are admissible, as 
far as the theory is proved. 

It is not unfrequently stated that the circumstances 
from which the names employed in science borrow their 
meaning, ought to be facts and not theories. But such 
a recommendation implies a belief that facts are rigor- 
ously distinguished from theories and directly opposed 
to them ; which belief, we have repeatedly seen, is un- 
founded. When theories are firmly established, they 
become facts ; and names founded on such theoretical 
views are unexceptionable. If we speak of the minor 
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aods of Jupiter's orhUy or of his density/, or of the cmgle 
of refraction, or the length of cm undidation of red 
light, we assume certain theories; but inasmuch as the 
theories are now the inevitable interpretation of ascer- 
tained facts, we can have no better terms to designate 
the conceptions thus referred to. And hence the rule 
-which we must follow is, not that our terms must 
involve no theory, but that they imply the theory only 
in that sense in which it is the interpretation of the 
£su3ts. 

For example, the term pola/rization of light was ob- 
jected to, as involving a theory. Perhaps the term 
was at first suggested by conceiving light to consist of 
particles having poles turned in a particular manner. 
But among intelligent speculators, the notion of polar- 
ization soon reduced itself to the simple conception of 
opposite properties in opposite positions, which is a bare 
statement of the fact: and the term being understood 
to have this meaning, is a perfectly good term, and 
indeed the best which we can imagine for designating 
what is intended. 

I need hardly add the caution, that names involving 
theoretical views not in accordance with fects are to be 
rejected. The following instances exemplify both th^ 
positive and the negative application of this maxim. 

The distinction of primcMfy and secondary rocks in 
geology was founded upon a theory; namely, that those 
which do not contain any organic remains were first 
deposited, and afterwards, those which contain plants 
and animals. But this theory was insecure from the 
first. The difficulty of making the separation which 
it implied, led to the introduction of a class of tra/nsition 
rocks. And the recent researches of geologists lead 
them to the conclusion, that those rocks which are 
termed prima/ry, may be the newest, not the oldest, 
productions of nature. 

In order to avoid this incongruity, other terms have 
been proposed as substitutes for these. Sir C. Lyell 
remarks^, that granite, gneiss, and the like, form a class 
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>¥]iich should be designated by a common name ; which 
name should not be of chronological import. He pro- 
poses hypogeney signifying * nether-formed ;' and thus 
he adopts the theory that they have not assumed their 
present form and structure at the surface, but deter- 
mines nothing of the period when they were produced. 

These hypogene rocks, again, he divides into unstra- 
tified or plutoniCf and altered stratified, or metamorphic ; 
the latter term implying the hypothesis that the strati- 
fied rocks to which it is applied have been altered, by 
the effect of fire or otherwise, since they were deposited. 
That fossiliferous strata, in some cases at least, have 
undergone such a change, ia demonstrable from facts'. 

The modern nomenclature of chemistry implies the 
oxygen theory of chemistry. Hence it has sometimes 
been objected to. Thus Davy, in speaking of the 
Lavoisierian nomenclature, makes the following re- 
marks, which, however plausible they may sound, will 
be found to be utterly erroneous^ * Simplicity and preci- 
sion ought to be the characteristics of a scientific nomen- 
clature : words should signify things^ or the analogies of 
things, and not opimons. ... A substance in one age sup- 
posed to be simple, in another is proved to be compoimd, 
and vice verad. A theoretical nomenclature is liable 
to continual alterations : oxj/genated muriatic add is 
as improper a term as depfdogisticated w>arine add. 
Every school believes itself to be in the right : and if 
every school assumes to itself the liberty of altering 
the names of chemical substances in consequence of 
new ideas of their composition, there can be no perma- 
nency in the language of the science; it must always 
be confused and uncertain. Bodies which are sinwiar 
to each other should always be classed together; and 
there is a presumption that their composition is amjin 
logons, Metals, ea/rths, alkalis, are appropriate names 
for the bodies they represent, and independent of all 
speculation: whereas oxides, sulphurets, and muriates 
are terms founded upon opinions of the composition of 
bodies, some of which have been already found erroneous. 
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The least dangerous mode of giving a systematic form 
to a language seems to be to signify tjie analogies of 
substances by some conmion sign affixed to the begin^- 
ning or the termination of the word. Thus as the 
metals have been distinguished by a termination in 
v/nif as aua^m, so their calcifonn or oxidated state 
might have been denoted by a termination in a, as 
aura: and no progress, however great, in the science 
could render it necessary that such a mode of appella- 
tion should be changed.* 

These remarks are founded upon distinctions which 
have no real existence. We cannot separate things 
from their properties, nor can we consider their pro- 
perties and analogies in any other way than by having 
opinions about them. By contrasting amilogies with 
opinions, it might appear as if the author maintained 
that there were certain analogies about which there 
was no room for erroneous opinions. Yet the analo- 
gies of chemical compounds, are, in fact, those points 
which have been most the subject of difference of opi- 
nion, and on which the revolutions of theories have 
most changed men's views. As an example of analo- 
gies which are still recognized under alterations of 
^theory, the writer gives the relation of a metal to its 
oxide or calciform state. But this analogy of metallic 
oxides, as Red Copper or Iron Ore, to Calx, or burnt 
lime, is very fer from being self-evident; — so far in- 
deed, that the recognition of the analogy was a great 
step in chemical theory. The terms which he quotes, 
oxygenated m/u/rioMc eicid (and the same may be said of 
dephlogisticaied maanne a>cid,) if improper, are so not 
because they involve theory, but because they involve 
false theory; — ^not because those who framed them did 
not endeavour to express analogies, but because they 
expressed analogies about which they were mistaken. 
Unconnected names, as metals, eaHhs, alkalis, are good 
as the basis of a systematic nomenclature, but they 
are not substitutes for such a nomenclature. A sys- 
tematic nomenclature is an instrument of great utility 
and power, as the modem history of chemistry has 
shown. It would be highly unphilosophical to reject 
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the use of such an instrument, because, in the course 
of the revolutions of science, we may have to modify, 
or even to remodel it altogether. Its utility is not by 
that means destroyed. It has retained, transmitted, 
and enabled us to reason upon, the doctrines of the 
earlier theory, so £eu: as they are true ; and when this 
theory is absorbed into a more comprehensive one, (for 
this, and not its refutation, is the end of a theory so 
far as it is true,) the nomenclature is easily translated 
into that which the new theory introduces. "We have 
seen, in the history of astronomy, how valuable the 
theory of epicycles was, in its time : the nomenclature 
of the relations of a planet's orbit, which that theory 
introduced, was one of Kepler's resources in discover- 
ing the elliptical theory; and, though now superseded, 
is still readily intelligible to astronomers. 

This is not the place to discuss the reasons for the 
form of scientific terms ; otherwise we might ask, in 
reference to the objections to the Lavoisierian nomen- 
clature, if such forms as aurum and aura are good to 
represent the absence or presence of oxygen, why such 
forms as stUphUe and sulphate are not equally good to 
represent the presence of what we may call a smaller 
or larger dose of oxygen, so long as the oxygen theory 
is admitted in its present form; and to indicate still 
the difference of the same substances, if under any 
change of theory it should come to be interpreted in a 
new manner. 

But I do not now dwell upon such arguments, my 
object in this place being to show that terms involving 
theory are not only allowable, if understood so far as 
the theory is proved, but of great value, and indeed of 
indispensable use, in science. The objection to them is 
inconsistent with the objects of science. If, after all 
that has been done in chemistry or any other science^ 
we have arrived at no solid knowledge, no permanent 
truth; — ^if all that we believe now may be proved to 
be false to-morrow; — ^then indeed our opinions and 
theories are corruptible elements, on which it would 
be unwise to rest any thing important, and which we 
might wish to exclude, even from our names. But if 
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our knowledge has no more security than this, we Can 
find no reason why we should wish at all to have names 
of things, since the names are needed mainly that we 
may reason upon and increase our knowledge such as 
it is. If we are condemned to endless alternations of 
varying opinions, then, no doubt, our theoretical terms 
may be a source of confusion; but then, where would 
be the advantage of their being otherwise? what would 
be the value of words which should express in a more 
precise manner opinions equally fleeting *{ It will per- 
haps be said, our terms must express facts, not theo- 
ries : but of this distinction so applied we have repeat- 
edly shown the futility. Theories firmly established 
are facts. Is it not a fiict that the rusting of iron 
arises from the metal combining with the oxygen of 
the atmosphere? Is it not a fact that a combination 
of oxygen and hydrogen produces water? That our 
terms should express such facts, is precisely what we 
are here inculcating. 

Our examination of the history of science has led us 
to a view very different from that which represents it 
as consisting in the succession of hostile opinions. It 
is, on the contrary, a progress, in which each step is 
recognized and employed in the succeeding one. Every 
theory, so far as it is true, (and all that have prevailed 
extensively and long, contain a large portion of truth,) 
is taken up into the theory which succeeds and seems 
to expel it. All the narrower inductions of the first 
are included in the more comprehensive generalizations 
of the second. And this is performed mainly by means 
of such terms as we are now considering ; — ^terms in- 
volving the previous theory. It is by means of such 
terms, that £be truths at first ascertained become so 
familiar and manageable, that they can be employed as 
elementary foots in the formation of higher inductions. 

These principles must be applied also, though with 
great caution, and in a temperate manner, even to de- 
scriptive language. Thus ^e mode of describing the 
forms of crystals adopted by Werner and Rom 6 de Tlsle 
was to consider an original form, from which other 
forms are derived by truncatioTia of the edges and the 
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angles. Haiiy's method of describing the same forms, 
was to consider them as built up of rows of small * 
solids, the angles being determined by the decrements 
of these rows. Both these methods of description in- 
volve hypothetical views; and the last was intended to 
rest on a true physical theory of the constitution of 
crystals. Both hypotheses are doubtM or fidse : yet 
both these methods are good as modes of description : 
nor is Haiiy^s terminology vitiated, if we suppose (as 
in fact we must suppose in many instances,) that crys- 
talline bodies are not really made up of such small 
solids. The mode of describing an octahedron of fluor 
spar, as derived from the cube, by decranents of one 
row on all the edges, would still be proper and useful 
as a description, whatever judgment we should form of 
the material structure of the body. But then, we must 
consider the solids which are thus introduced into the 
description as merely hypothetical geometrical forms, 
serving to determine the angles of the faces. It is in 
this way alone that Haiiy's nomenclature can now be 
retained. 

In like manner we may admit theoretical views into 
the descriptive phraseology of other parts of Natui-al 
History : and the theoretical terms will r^lace the 
obvious images, in proportion as the theory is gene- 
rally accepted and ^imiliarly applied. For example, in 
speaking of the Honeysuckle, we may say that the 
upper leaves are perfolicUey meaning that a single 
roimd leaf is perforated by the stalk, or threaded upon 
it. Here is an image which sufficiently conveys the 
notion of the form. But it is now generally recognized 
that this apparent single leaf is, in fiict, two opposite 
leaves joined together at their bases. If this were doubt- 
ed, it may be proved by comparing the upper leaves 
with the lower, which are really separate and opposita 
Hence the term conncUe is applied to these conjoined 
opposite leaves, implying that they grow together ; or 
they are called oormaio-perfoUaie. Again; formerly 
the corolla was called monopetalous or polypetcUous, as 
it consisted of one part or of several : but it is now 
agreed among botanists that those corollas which apr 
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pear to consist of a single part, are, in fkct, composed 
of several soldered together; hence the term gamope- 
talons is now employed (by De Oandolle and his follow- 
ers) instead of monopetalous*. 

In this way the language of Natural History not 
only expresses, but inevitably implies, general laws of 
nature ; and words are thus fitted to aid the progress 
of knowledge in this, as in other provinces of science. 

Aphorism XII. 

If terms are systematieally goodt they are not to he re- 
jected because they are etymologically inaccurate. 

Terms belonging to a system are defined, not by the 
'meaning of their radical words, but by their place in 
the system. That they ^ould be appropriate in their 
signification, aids the processes of introducing and re- 
membering them, and should therefore be carefully 
attended to by those who invent and establish them; 
but this once done, no objections founded upon their 
etymological import are of any material weight. We 
find no inconvenience in the circumstance that geome- 
try means the measuring of the earth, that the name 
porphyry is applied to many rocks which have no fiery 
spots, as the word implies, and oolite to strata which 
have no roelike structure. In like manner, if the term 
pcecUite were already generally received, as the name 
of a certain group of strata, it would be no valid 
ground for quarrelling with it, that this group was not 
alwaya variegated in colour, or that other groups were 
equally variegated : although undoubtedly in intro- 
dtccing such a term, care should be taken to make it 
as distinctive as possible. It often happens, as we have 
seen, that by the natural progress of changes in lan- 
guage, a word is steadily confirmed in a sense quite 
different fi:om its etymological import. But though 



* On this subject, see Illlger,Fer«t«* I^fUvnatiMreich (1810). De Oandolle, 
Hner Syatemaiiaehen VoUeUtndigen Thdcrie tiUniwtavre de 2a Botanir 
Terminoloffie fur dUu Thierreich und que. 
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we may accept such instances, we must not wantonly 
attempt to imitate them. I say, not wantonly : for if 
the progress of scientific identification compel us to 
follow any class of objects into circumstances where 
the derivation of the term is inapplicable, we may still 
consider the term as an unmeaning sound, or rather 
an historical symbol, expressing a certain member of 
our system. Thus if, in following the course of the 
mou/ntain or carboni/er<yu8 limestone, we find that in 
Ireland it does not form mountains nor contain coal, 
we should act unwisely in breaking down the nomen- 
clature in which our systematic relations are already 
expressed, in order to gain, in a particular case, a pro- 
priety of language which has no scientific value. 

All attempts to act upon the maxim opposite to- 
this, and to make our scientific names properly de- 
scriptive of the objects, have failed and must fail. For 
the marks which really distinguish the natural classes 
of objects, are by no means obvious. The discovery of 
them is one of the most important steps in science; 
and when they are discovered, they are constantly 
liable to exceptions, because they do not contain the 
essential differences of the classes. The natural order 
Vmbellatce, in order to be a natural order, must con- 
tain some plants which have not umbels, as Eryngium^, 
*In such cases,' said Linnaeus, *it is of small import 
what you call th^ order, if you take a proper series 
of plants, and give it some name which is clearly un- 
derstood to apply to the plants you have associated.' 
' I have,' he adds, ' followed the rule of borrowing the 
name hfortioriy from the principal feature.' 

The distinction of crystals into systems according to 
the degree of symmetry which obtains in them, has 
been explained elsewhere. Two of these systems, of 
which the relation as to symmetry might be expressed 
by saying that one is square pyramidal and the other 
oblong pyra/rmdal, or the first square prismatic and the 
second Mong prismatic, are termed by Mohs, the first, 
Fj/ramidaly and the second PrismMic. And it may 



I See HUU Jnd. Sc. b; xri c iv. sect 5. 
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be doubted whether it is worth while to invent other 
terms, though these are thus defective in characteristic 
significance. As an example of a needless rejection of 
old terms in virtue of a supposed impropriety in tiieir 
meaning, I may mention tiie attempt made in the last 
edition of Haiiy's Mineralogy, to substitute autopdde 
and heteropMe for metallic and unmetallic. It was 
supposed to be proved that all bodies have a metal for 
their basis ; and hence it was wished to avoid the term 
unmetaUic. But the words metallic and wnmetallic 
may mean that minerals seem metallic and nnmetallic, 
just as well as if they contained the element opside to 
imply this seeming. The old names express all that 
the new express, and with more simplicity, and there- 
fore should not be disturbed. 

The maxim on which we are now insisting, that we 
are not to be too scrupulous about the etymology of 
scientific terms, may, at first sight, appear to be at 
variance with our Fourth Aphorism, that words used 
technically are to retain their common meaning as far 
as possible. But it must be recollected, that in the 
Fourth Aphorism we spoke of common words appro- 
priated as technical terms; we here speak of words 
constructed for scientific purposes. And although it is, 
perhaps, impossible to draw a broad line between these 
two classes of terms, stiU the rule of propriety may be 
stated thus: In technical terms, deviations from the 
usual meaning of words are bad in proportion as the 
words are more familiar in our own language. Thus 
we may apply the term Cirrus to a cloud composed of 
filaments, even if these filaments are straight; but to 
call such a cloud a Cwrl cloud would be much more 
harsh. 

Since the names of things, and of classes of things, 
when constructed so as to involve a description, are 
constantly liable to become bad, the natural classes 
shiftilig away from the descriptive marks thus prema- 
turely and casually adopted, I venture to lay down 
the following maxim. 
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Aphorism XIIL 

The fundaiMfUal termu of a tyttem of Namendature may 
be eonveniently borrowed from ecuual or arbitrary circtan- 
Btanees, 

For instance, the namee of plants, of minerals, and 
of geological strata, inaj be taken from the places 
where they occur conspicuously or in a distinct form; 
as Farietaria, Famassia, Chaicedany, Arragonite, Sir 
lurian system, Fwrbeck limestone. These names may 
be considered as at first supplying standards of refer- 
ence; for in order to ascertain whether any rock be 
Furbeck limestone, we might compare it with the 
rocks in the Isle of Purbeck. But this reference to a 
local standard is of authority only till the place of the 
object in the system, and its distinctive marks, are as- 
certained. It would not vitiate the above names, if it 
were found that the Fa/masaia does not grow on Par- 
nassus; that Chalcedony is not found in Chalcedon; or 
even that Arragonite no longer occurs in Arragon ; for 
it is now firmly established as a mineral species. Even 
in geology such a refer^ice is arbitrary, and may be 
supersede or at least modified, by a more systematic 
determination. Alpine limestone is no longer accepted 
as a satis&ctory designation of a rock, now that we 
know the limestone of the Alps to be of various ages. 

Again, names of persons, either casually connected 
with the object, or arbitrarily implied to it, may be 
employed as designations. This has been done most 
copiously in botany, as for example, Nicotiana^ DaMia^ 
Fucheiay Jurigermanma^ Lonicera. And linnseus has 
laid down rules for restricting this mode of perpetu- 
ating the memory of men, in the names of plants. 
Those generic names, he says\ which have been con- 
structed to preserve the memory of persons who have 
deserved well of botany, are to be religiously retained. 
This, he adds, is the sole and supreme reward of the 
botanist's labours, and must be carefully guarded and 



» Phil Bot 241. 
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scrupulously bestowed, as an encouragement and an 
honour. Still more arbitrary are the terms borrowed 
from the names of the gods and goddesses, heroes and 
heroines of antiquity, to designate new genei*a in those 
departments of natural history in which so many have 
been discovered in recent times as to weary out all at- 
tempts at descriptive nomenclature. Cuvier has coun- 
tenanced this method. *I have had to frame many 
new names of genera and sub-genera,' he says*, 'for 
the sub-genera which I have established were so nu- 
merous and various, that the memory is not satisfied 
with nimierical indications. These I have chosen 
either so as to indicate some character, or among the 
usual denominations, which I have latinized, or finally, 
after the example of Linnseus, among the names of 
mythology, which are in general agreeable to the ear, 
and which are far from being exhausted.' 

This mode of framing names from the names of per- 
sons to whom it was intended to do honour, has been 
employed also in the mathematical and chemical sci- 
ences; but such names have rarely obtained any per- 
manence, except when they recorded an inventor or 
discoverer. Some of the constellations, indeed, have 
retained such appellations, as Berenice's Hcdr; and the 
new star which shone out in the time of Csesar, would 
probably have retained the name given to it, of the 
Jvlian StOTy if it had not disappeared again soon after. 
In the map of the Moon, almost all the parts have 
had such names imposed upon them by those who 
have constructed such maps, and these names have 
very properly been retained. But the names of new 
planets and satellites thus suggested have not been 
generally accepted; as the Medicean stars, the name 
employed by Galileo for the satellites of Jupiter ; the 
Georgiwm Sidus, the appellation proposed by Herschel 
for Uranus when first discovered*; Ceres Ferdinandea, 



* Bigne An, p. 16. of descent of the persons (Uranus, 

* In this case, the name Uramus, Saturn, JwpUer, Mars) was adopted 
selected with a view to symmetiy by astroncnners in general, though 
according to the mythological order not proposed or sanctioned by the 
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the name whicH Piazzi wished to impose on the small 
planet Ceres. The names given to astronomical Tables 
by the astronomers who constructed them have been 
most steadily adhered to, being indeed names of books^ 
and not of natural objects. Thus there were the 
TlchcmiCy the Alphonaine, the Rudolphine, the Ca/ro- 
Imicm Tables. Comets which have been ascertained 
to be periodical, have very properly had assigned to 
them the name of the person who established this 
point; and of these we have thus, ff alley' 8, EncMa 
Comet, and BieUCs or GamboH's Comet, 

In the case of discoveries in science or inventions of 
apparatus, the name of the inventor is very properly 
employed as the designation. Thus we have the Tor^ 
ricellian Vacuum, the Voltaic Pile, Fahrenheit 8 Ther- 
mometer. And in the same manner with regard to 
laws of nature, we have Kepler^ 8 Laws, Boyle or Man 
riotte^8 law of the elasticity of air, Huygh&ns^s law of 
double refraction, Newtov^s scale of colours. DescoHes^ 
law of refraction is an unjust appellation ; for the dis- 
covery of the law of sines was made by SnelL In de- 
ductive mathematics, where the invention of a theorem 
is generally a more definite step than an induction, 
this mode of designation is more common, as Bemoin 
vre'8 Theorem, MaclaAJi/riri! 8 Theorem, Lagramg^8 Theo^ 
rem, Evleriam, Integrals. 

In the Hi8tory of Science^ I have remarked that in 
the discovery of what is termed galvanism, Volta*s 



discoverer of the new planet. In the with the sanction of M. Le Verrler, 

cases of the smaller planets, Ceres, given the name of Neptntne to the 

PaUaa, Jtmo, and Vesta, the names planet revolving beyond Uranus, and 

were given either by the discoverer, discovered in consequence of his an- 

or with his sanction. Following this nounoement of its probable existence, 

rule, JBessel gave the name of ^«er<ea which had been inferred by Mr. 

to a new planet discovered in the Adams and him (calculating in igno- 

same region by Mr. Hencke, as men- ranee of each other's purpose) firom 

tioned in the additions to book viL of the perturbations of Uranus; as I 

the History (2nd Ed.). Following the have stated in the Additions to the 

same rule, and adhering as much as Third Edition of the History, 

possible to mythological connexion, < b. xiiL c. i. 
the astronomers of Europe have, 
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office was of a higher and more philosophical kind 
than that of Galvani; and I have, on this account, 
urged the propriety of employing the term voltaicy 
rather than galvcmic electricity. I may add that the 
electricity of the common machine is often placed in 
contrast with this, and appears to require an express 
name. Mr. Faraday calls it conmum or machine elec- 
tricity; but I think thsA, framMmic electricity would 
form a more natural correspondence with voltaic, and 
would be well justified by Franklin's place in the his-^ 
tory of that part of the subject* 



Aphorism XIV* 

The Binary Method of Nomenclature {Names hy Omus 
and Species) is the most convenient hitherto employed in 
Classification, 

The number of species in every province of Natural 
History is so vast that we cannot distinguish them 
and record the distinctions without some artifice. The 
known species of plants, for instance, were 10,000 in the 
time of linnseus, and are now probably 60,000. It 
would be useless to endeavour to firame and employ 
separate names for each of these species. 

The division of the objects into a subordinated sys- 
tem of classification enables us to introduce a Nomen- 
clature which does not require this enormous number 
of names. The artifice employed is, to name a specimen 
by means of two (or it might be more) steps of the suc- 
cessive division. Thus in Botany, each of the Genera 
has its name, and the species are marked by the addi- 
tion of some epithet to the name of the genus. ' In this 
manner about 1,700 Generic Names, with a moderate 
number of Specific Names, were found by Linnaeus 
sufficient to designate with precision all the species of 
vegetables known at his time. And this Binary Me- 
thod of Nomenclature has been found so convenient, 
that it has been universally adopted in every other de- 
partment of the Natural History of organized beings. 

20—2 
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Many other modes of Nomendature bave been, tried, 
but no other has at all taken root. Lmneetis himself 
appears at iirst to have intended marking each species 
by the Generic Kame, accompanied by a characteristic 
Descriptive Phrase ; and to have proposed the employ- 
ment of a Trivial Specific Name, as he termed it^ only 
as a method of occasional convenience. The use of 
these trimaZ nameSy however, has become universal, as 
we have said ; and is by many persons considered the 
greatest improvement introduced at the linnsean re- 
fom^ 

Aphorism XV. 
The Maxims of LimuBua eoneeming the Names to he used 
in Botamy, (Philosophia Botanica, Nomina. Sections 210 
to 255) are good examples of Aphorisms on this subject. 

Both Linnseus and other writers (as Adanson) have 
given many maxims with a view of regulating the 
selection of generic and specific names. The maxims 
of linnseus were intended as much as possible to ex- 
clude barbarism and confusion, and have, upon the 
whole, been generally adopted. 

These canons, and the sagacious modesty of great 
botanists, like Robert Brown, in conforming to them, 
have kept the majority of good botanists within salu- 
tary limits; though many of these canons were ob- 
jected to by the contemporaries of Linnaeus (Adanson 
and others^) as capricious and unnecessary restrictions. 

Many of the names introduced by Linnseus certainly 
appear fanciful enough. Thus he gives the name Ba/ur 
hmia to a plant which has leaves in pairs, because the 
Bauhins were a pair of brothers. Bamsteria is the 
name of a climbing plant in honour of Banister, who 
travelled among mountains. But such names once 
established by adequate authority lose all their incon- 
venience and easily become permanent, and hence the 
reasonableness of one of the Liimsean rules* : — 

That as such a perpetuation of the names of persons 

iPref.cxxii.clxxiL « J>Wl. JBo4 8. 239. 
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hy the names of plants is the only honour that botan- 
iata have to bestow^ it ought to be used with care and 
caution, and religiously respected. 

[3rd ed. It may serve to show how sensitire bo- 
tanists are to the allusions contained in such names, 
that it has been charged against linnseus, as a proof 
of malignity towards Buffon, that he changed the name 
of the genus Buffonia, established by Sauvages, into 
Bufonia^ which suggested a derivation from Bufo^ a 
toad. It appears to be proved that the spelling was not 
liinnaeus's doing.l 

Another Linnsean maxim is (Art 2 1 9), that the gene- 
ric name must be fixed before we attempt to form a 
specific name ; ' the latter without the former is like 
the clapper without the bell.' 

The name of the genus being fixed, the species may 
be marked (Art. 257) by adding to it 'a single word 
taken at will from any quarter;' that is, it need not 
involve a description or any essential property of the 
plant, but may be a casual or arbitrary appellation. 
Thus the various species of Hiera/sivmfi? are Hieracium 
Alpinvmhy H. Halleri, H, PUosella, If, dvhium, H, 
fav/rorvmij &c., where we see how different may be the 
kind of origin of the words. 

Attempts have been made at various times to form 
the names of species from those of genera in some more 
symmetrical manner. But these have not been suc^ 
cessful, nor are they likely to be so ; and we shall venture 
to propound an axiom in condemnation of such names. 

Aphorism XVL 

NurMrxcal names in Clamfication are had; and the same 
may he said of other names of kinds, depending upon any 
fixed series of notes of order. 

With regard to numerical names of kinds, of species 
for instance, the objections are of this nature. Besides 
that such names offer nothing for the imagination to 
take hold o^ new discoveries will probably alter the 



* Hooker, FL Scot, aaS. 
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numeration^ and make the names erroneous. THns, if 
we call the species of a genus ly 2, 3, a new species 
intermediate between i and 2, 2 and 3, &c. cannot be 
put in its place without damaging the numbers. 

The geological term TriaSy lately introduced to de- 
signate the group consisting of the ih/ree members 
(Bunter Sandstein, Muschelkalk, and Keuper) becomes 
improper if, as some geologists hold, two of these mem-» 
bers cannot be separated. 

Objections resembling those which apply to numeri- 
cal designations of species, apply to other cases of fixed 
series : for instance, when it Ims been proposed to mark 
the species by altering the termination of the genus. 
Thus Adanson*, denoting a genus by the name Fomna 
{Lychnidea), conceived he might mark five of its species 
by altering the last syllable, Fonna^ Fonnore, Fonnct-d, 
Fonncho, Fonna-u; then others by Fonnct-hay Fonnor- 
hiy and so on. This would be liable to the same evils 
which have been noticed as belonging to the numerical 
method'. 

Aphorism XVII. 

In any classifieatory science names including more than 
two steps of the classifieation may be employed if it be found 
convenient, 

LiNNJEUS, in his canons for botanical nomenclature 
(Art 212), says that the names of the class and the 
order are to be TmUCy while the names of the Genus 
and Species are sonorous. And accordingly the names 

1 Pref. dxxYl. prlate and significant— these new 

'In like manner the names assigned names would confonnd all meaning 

by Mr. Bickman to the suocesslve of language. We should not be able 

styles of Gothic architecture in Eng- to divide Early English, or Deco- 

land,— ^arly Englith, Decorated^ and rated, or Peipendicular into sub* 

Perpendicular.-'cajmot be replaced styles ;-for who could talk ot First 

by numerical designations, First Second Paimted and Second Second 

Pdntedy Second Pointed, Third Point- Pointed; and what should we call 

ed. For— besides that he who first that pointed style-^e TrtmsiHon 

distinctly establishes dasses has the from the Norman-^which precedes 

right of naming them, and that Mr. the First Pointed f 
Hickman's names are really appro- 
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of plants (and the same is true of animals) have in com-^ 
mon practice been binary only, consisting of a generic 
and a specific name. The class and the order have not 
been admitted to form part of the appeUation of the 
species. Indeed it is easy to see that a name, which 
must be identical in so many instances as that of an 
Order would be, woidd be felt as superfluous and bur- 
thensome. Accordingly, Linnaeus makes it one of his 
maxims^, that the name of the Class and Order must not 
be expressed but understood, and hence, he says, Royen, 
who took LUium for the name of a Class, rightly re- 
jected this word as a generic name, and substituted 
Liriwm with the Greek termination. 

Yet we must not too peremptorily assume such 
maxims as these to be universal for all classificatory 
sciences. It is very possible that it may be found ad- 
visable to use three terms, that of Order, Genus, and 
Species in designating minerals, as is done in Mohs's 
nomenclature, for example, Rhombohedral Gale Halch 
ide, Faratomous Hal Baryte. 

It is possible also that it may be found useful in the 
same science (Mineralogy) to mark some of the steps of 
classification by the termination. Thus it has been pro- 
posed to confine the termination ^e to the Order 8%li^ 
ddes of IlTaumann, as Apophyll^fe, Stilbife, Leucine, &c., 
and to use names of different form in other orders, as 
Talc Spar for Brennerite, Pyramidal Titanium Oxide 
for Octahedrite. Some such method appears to be the 
most likely to give us a tolerable mineralogical nomen^ 
clature. 

Aphobism XVIII. 

Informing a Terminology 9 words may he invented wh&n 
necessary, hut they cannot he conveniently harrowed from 
casual or arhitrary circumstances^. 

It will be recollected that Terminology is a language 
employed for describing objects, Nomenclature, a body 



1 PhU. Bot B. 3x5. b. Tiii c iL sea 3, for some remarks 

' I may also refer to HisL Sc Id, on Terminology. 
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of names of the objects themselyes. The nameSf as 
was stated in the last maxim, may be arbitrary; but 
the descriptive terms must be borrowed from words of 
suitable meaning in the modem or the classical lan- 
guages. Thus the whole terminology which Linnaeus 
introduced into botany, is founded upon the received 
use of Latin words, although he defined their meaning 
so as to make it precise when it was not so, according 
to Aphorism V. But many of the terms were invent- 
ed by him and other botanists, as Fericmth, Nectary, 
Pericarp; so many, indeed, as to form, along with the 
others, a considerable language. Many of the terms 
which are now become familiar were originally in- 
vented by writers on botany. Thus the word Petal, 
for one division of the corolla, was introduced by 
Fabius Columna. The term Sepal was devised by 
Neckar to express each of the divisions of the calyx. 
And up to the most recent times, new denominations 
of parts and conditions of parts have been devised by 
botanists, when they found them necessary, in order to 
mark important differences or resemblances. Thus the 
general Receptacle of the flower, as it is termed by 
Linnseus, or Torus by Salisbury, is continued into 
organs which carry the stamina and pistil, or the pistil 
alone, or the whole flower; this organ has hence been 
termed* Gonophore, Ga/rpophore, and Anthophore, in 
these cases. 

In like manner when Cuvier had ascertained that 
the lower jaws of Saurians consisted always of six 
' pieces having definite relations of form and position, 
he gave names to them, and termed them respectively 
the Bentaly the Angvlar, the Goronoid, the Articular , 
the Gompl&fnerUa/ry, and the Opercular Bones. 

In all these cases, the descriptive terms thus intro- 
duced have been significant in their derivation. An 
attempt to circulate a perfectly arbitrary word as a 
means of description would probably be unsuccessful. 
We have, indeed, some examples approaching to arbi- 
trary designations, in the Wemerian names of colours, 



' De Candolle's JTi. ^i. 405. 
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which are a part of the terminology of Natural His- 
tory. Many of these names are borrowed from natural 
resemblances, as AimciUa pn/rple, Apple green, Straw 
yellow; but the names of others are taken from casual 
occurrences, mostly, however, such as were already 
recognized in common language, as Fnossian blue, 
Dutch orange, King's yellow. 

The extension of arbitrary names in scientific termi- 
nology is by no means to be encouraged. I may men- 
tion a case in which it was very properly avoided. 
When Mr. Faraday's researches on Voltaic electricity 
. had led him to perceive the great impropriety of the 
term poles, as applied to the apparatus, since the pro- 
cesses have not reference to any opposed points, but to 
two opposite directions of a paUi, he very suitably 
wished to substitute for the phrases positive pole and 
negative pole, two words ending in ode, from oBos, a 
way. A person who did not see the value of our pre- 
sent maxim, that descriptive terms should be descrip- 
tive in their origin, might have proposed words per- 
fectly arbitrary, as Alphode, and Betode: or, if he 
wished to pay a tribute of respect to the discoverers 
in this department of science, Galvanode and Volta^ode^ 
But such words would very justly have been rejected 
by Mr. Faraday, and woxdd hardly have obtained any 
general currency among men of science. Zvrvcode and 
FUUinode, terms derived from the metal which, in one 
modification of the apparatus, forms what was pre- 
viously termed the pole, are to be avoided, because in 
their origin too much is casual; and they are not a 
good basis for derivative terms. The pole at which 
the zinc is, is the Anode or Cathode, according as it is 
associated with different metals. Either the Zincode 
must sometimes mean the pole at which the Zinc is, 
and at other times that at which the Zinc is not> or 
else we must have as many names for poles as there 
are metals. Anode and Cathode, the terms which Mr. 
Faraday adopted, were free from these objections; for 
they refer to a natural standard of the direction of the 
voltaic current, in a manner which, though perhaps 
not obvious at first sight, is easily understood and 
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retained. Anode and Cathode, the rising and iihe setting 
way, are the directions which correspond to east and 
west in that voltaic current to which we must ascribe 
terrestrial magnetism. And with these words it was 
easy to connect Anton and Cathion, to designate the 
opposite elements which are separated and liberated at 
the two Electrodes. 



Aphobish XIX 

The meaning of Technical Terms must he fixed hy con^ 
vention, not by casual reference to the ordinary meaning of 
words. 

In fixing the meaning of the Technical Terms which 
form the Terminology of any science, at least of the 
descriptive Terms, we necessarily fix, at the same time, 
the perceptions and notions which the Terms are to 
convey to a hearer. What do we mean by a/pple-green or 
Frervch grey ? It might, perhaps, be supposed that, in 
the first example, the term a^ple, referring to so fami- 
liar an object, sufficiently suggests the colour intended. 
But it may easily be seen that this is not true; for 
apples are of many different hues of green, and it is 
only by a conventional selection that we can appro- 
priate the term to one special shade. When this appro- 
priation is once made, the term refers to the sensation, 
and not to the parts of this term; for these enter into 
the compoiind merely as a help to the memory, whether 
the suggestion be a natural connexion as in 'apple- 
green,' or a casual one as in 'French grey.' In order 
to derive due advantage from technical terms of this 
kind, they must be associated vmmediately with the per- 
ception to which they belong; and not connected with 
it through the vague usages of common language. The 
memory must retain the sensation ; and the technical 
word must be understood as directly as the most fami- 
liar word, and more distinctly. When we find such 
terms as tin-white or pinckbeck-hroiony the metallic 
colour so denoted ought to start up in our memory 
without delay or -search. 
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This, whicli it is most important to recollect with 
respect to the simpler properties of bodies, as colour 
and form, is no less true with respect to more compound 
notions. In all cases the term is fixed to a peculiar 
meaning by convention; and the student, in order to 
use the word, must be completely familiar with the con- 
vention, so that he has no need to frame conjectures 
from the word itself Such conjectures would always 
be insecure, and often erroneous. Thus the term papir 
lionaceousy applied to a flower, is employed to indicate, 
not only a resemblance to a butterfly, but a resemblance 
arising from five petals of a certain peculiar shape and 
arrangement ; and even if the resemblance to a butter- 
fly were much stronger than it is in such cases, yet if it 
were produced in a different way, as, for example, by 
one petal, or two only, instead of a * standard,' two 
'wings,' and a 'keel' consisting of two parts more or 
less imited into one, we should no longer be justified in 
speaking of it as a 'papilionaceous' flower. 

The formation of an exact and extensive descriptive 
language for botany has been executed with a degree of 
skill and felicity, which, before it was attained, could 
hardly have he&a dreamt of as attainable. Every part 
of a plant has been named ; and the form of every part, 
even the most minute, has had a large assemblage of de- 
scriptive terms appropriated to it, by means of which 
the botanist can convey and receive knowledge of form 
and structure, as exactly as if each minute part were 
presented to him vastly magnified. This acquisition 
was part of the Linnsean Eeform, of which we have 
spoken in the History, * Toumefort,' says De Candolle', 
* appears to have been the first who really perceived the 
utility of fixing the sense of terms in such a way as al- 
ways to employ the same word in the same sense, and 
always to express the same idea by the same word ; but 
it was Linnaeus who really created and fixed this bota- 
nical language, and this is his fairest claim to glory, for 
by this fixation of language he has shed clearness and 
precision over all parts of the science.' 



^ TMoT, EUm, p. 327. 
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It is not necessary here to give any detailed account 
of the terms of botany. The fundamental ones have 
been gradually introduced, as the parts of plants were 
more carefully and minutely examined. Thtra the 
flower was successively distinguished into the cal^x, the 
corolla, the stamens, and the pistils: the sections of 
the corolla were termed petals by Columna ; those of 
the calyx were called sepals by iN'eckar*. Sometimes 
terms of greater generality were devised; as perianth 
to include the calyx and corolla, whether one or both of 
these were present'*; perica/rp for the part inclosing the 
grain, of whatever kind it be, firuit, nut, pod, &c. And 
it may easily be imagined that descriptive terms may, 
by definition and combination, become very numerous 
and distinct Thus leaves may be called pinnatifid*, pin- 
natipartUe, pinnalisect, pinnatiiobate, palmatijid, pal- 
matipartite, <fec., and each of these words designates 
different combinations of the modes and extent of the 
divisions of the leaf with the divisions of its outline. In 
some cases arbitrary numerical relations are introduced 
into the definition : thus a leaf is called bilobate'^ when 
it is divided into two parts by a notch; but if the notch 
go to the middle of its length, it is bifid; if it go near 
the base of the leaf, it is bipartite; if to the base, it is 
bisect. Thus, too, a pod of a cruciferous plant is a sUica^ 
if it be four times as long as it is broad, but if it be 
shorter than this it is a sUicula. Such terms being 
established, the form of the very complex leaf or frond 
of a fern is exactly conveyed, for example, by the fol- 
lowing phrase : * fronds rigid pinnate, pinnae recurved 
subunilateral pinnatifid, the segments linear undivided 
or bifid spinuloso-serrate^.' 

Other characters, as well as form, are conveyed with 
the like precision : Colour by means of a classified scale 
of colours, as we have seen in speaking of the Measures 



' Be Gandolle, 329, * Ibid. 423. 

s For this Erhart and De Candolle ^ Hooker, SrU. Flo. p, 450. Hy- 

use Perigone. mmophyllvm Wilaoniy Sc ottish fllmy- 

-* De Candolle, 3x8. fern, abundant in the highlands of 

* Ibfid. 493. Scotland and about Eillamej. 
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of Secondary Qualities; to whicli, howerer, we must 
add, that the naturalist employs arbitrary names, (such 
as we have already quoted,) and not mere numerical 
exponents, to indicate a certain number of selected 
colours. This was done with most precision by Werner, 
and his scale of colours is stUl the most usual standard 
of naturaUsta. Werner also introduced a more exact 
terminology with regard to other characters which are 
important in minendogy, as lustre, hardness. But 
Mohs improved upon this step by giving a numerical 
scale of hardness, in which ioUc is i, gypsum 2, ecUc spar 
3, and so on, aa we have already explained in the His- 
tory of Mineralogy. Some properties, as specific gra- 
vity, by their definition give at once a numerical 
measure; and others, as crystalline form, require a 
very considerable array of mathematical calculation 
and reasoning, to point out their relations and grada- 
tions. In all cases the features of likeness in the ob- 
jects must be rightly apprehended, in order to their 
being expressed by a distinct terminology. Thus no 
terms could describe crystals for any purpose of natural 
history, till it was discovered that in a class of minerals 
the proportion of the &ces might vary, while the angle 
remained the same. Nor could crystals be described so 
as to distinguish species, till it was found that the de- 
rived and primitive forms are connected by very simple 
relations of space and number. The discovery of the 
mode in which characters must be apprehended so that 
they may be considered as Jiaced for a class, is an im- 
portant step in the progress of each branch of Natural 
History; and hence we have had, in the History of 
Mineralogy and Botany, to distinguish as important 
and eminent persons those who made such discoveries, 
Bome de lisle and Haily, Cesalpinus and Gesner. 

By the continued progress of that knowledge of mi- 
nerals, plants, and other natural objects, in which such 
persons made the most distinct and marked steps, but 
which has been constantly advancing in a more gradual 
and imperceptible manner, the most important and es- 
sential features of similarity and dissimilarity in such 
objects have been selected, arranged, and fitted with 
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names; and we have thus in such departments, systems 
of Terminology which fix our attention upon the resem^ 
blances which it is proper to consider, and enable us to 
convey them in words. 

The following Aphorisms respect the Form of Tech* 
nical Terms. 

By the Form of terms, I mean their philological 
con(^tions; as, for example, from what languages they 
may be borrowed, by what modes of inflexion they 
must be compounded, how their derivatives are to be 
formed, and the like. In this, as in other parts of the 
subject, I shall not lay down a system of rules, but 
shall propose a few maxims* 

Aphobish XX, 

The two main conditions of the Form of technical terms 
are, that they must he generally inteUigibley and smceptible 
of such grammatical rdations as their scientific use requires^ 

These conditions may at first appear somewhat 
vague, but it will be found that they are as definite as 
we could make them, without injuriously restricting 
ourselves. It will appear, moreover, that they have 
an important bearing upon most of the questions re- 
specting the form of the words which come before us; 
and that if we can succeed in any case in reconciling 
the two conditions, we obtain terms which are practi- 
cally good, whatever objections may be urged against 
them from other considerations. 

I, The former condition, for instance, bears upon 
the question whether scientific terms are to be taken 
from the learned languages, Greek and Latin, or from 
our own. And the latter condition very materially 
affects the same question, since in English we have 
scarcely any power of inflecting our words; and there- 
fore must have recourse to Greek or Latin in order to 
obtain terms which admit of grammatical modification. 
If we were content with the term Head;, to express the 
sderice of heat, still it would be a bad technical term, 
for we cannot derive from it an adjective like thermo- 
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ticcU. If bed or lai/er were an equally good term with 
8tr(xtu/m, we must still retain the latter, in order that 
we may use the derivative StratificcUion, for which the 
English words cannot produce an equivalent substi- 
tute. We may retain the words lime andJlirUy but 
their adjectives for scientific purposes are not limj/ 
and JlirUt/, but ccdccMreotis and siliceous; and hence we 
are able to form a compound, as calcarea-ailiceatiSf 
which we could not do with indigenous words. We 
might fix the phrases bent back and broken to mean (of 
optical rays) that they are reflected and refracted; but 
then we should have no means of speaking of the 
angles of Be/lection and Refraction, of the Refractive 
Indices, and the like. 

In like manner, so long as anatomists described cer- 
tain parts of a vertebra as vertebral laaninoe, or verte- 
bral platesj they had no adjective whereby to signify 
the properties of these parts; the term Neurapophysia, 
given to them by Mr, Owen, supplies the correspond- 
ing expression rvewra/pophysM, So again, the term 
BasisphcTioidy employed by the same anatomist, is 
better than basila/r or baiial process of the sphenoid, 
because it gives us the adjective basisphenoidal. And 
the like remark applies to other changes recently 
proposed in the names of portions of the skeleton. 

Thus one of the advantages of going to the Greek 
and Latin languages for the origin of our scientific 
terms is, that in this way we obtain words which 
admit of the formation of adjectives and abstract 
terms, and of composition, and of other inflexions. An- 
other advantage of such an origin is, that such terms, 
if well selected, are readily understood over the whole 
lettered world. For this reason, the descriptive lan- 
guage of science, of botany for instance, has been, for 
the most part, taken from the Latin; many of the 
terms of the mathematical and chemical sciences have 
been derived from the Greek; and when occasion 
occurs to construct a new term, it is generally to that 
language that recourse is had. The advantage of such 
terms is, as has already been intimated, that they con- 
stitute an universal language, by means of which 
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cultivated persons in every country may convey to 
each other their ideas without the need of translation. 

On the other hand, the advantage of indigenous 
terms is, that so far as the language extends, they are 
intelligible much more clearly and vividly than those 
borrowed from any other source, as well as more easily 
manageable in the construction of sentences. In the 
descriptive language of botany, for example, in an 
English work, the terms droopmg, noddmg, one-sided, 
ttoimng, strctggling, appear better than cemuousy nvr 
tcmtf sectmd, volvhUe, diva/ricate. For though the 
latter terms may by habit become as intelligible as the 
former, they cannot become more so to any readers ; 
and to most English readers they will give a far less 
distinct impression. 

2. Since the advantage of indigenous over learned 
terms, or the contrary, depends upon the balance of 
the capacity of inflexion and composition on the one 
hand, against a ready and clear signiflcance on the 
other, it is evident that the employment of scientific 
terms of the one class or of the o^&c may very pro- 
perly be extremely different in different languages. 
The German possesses in a very eminent degree tiiat 
power of composition and derivation, which in English 
can hardly be exercised at all, in a formal manner. 
Hence Crerman scientific writers use native terms to 
a fer greater extent than do our own authors. The 
descriptive terminology of botany, and even the sys- 
tematic nomenclature of chemistry, are represented 
by the Germans by means of German roots and in- 
flexions. Thus the description of FaterUiUa cunserina, 
in English botanists, is that it has Leaves interruptedly 
pinnate, serrate, silky, stem creeping, stalks aadllar, 
one-flov)ered. Here we have words of Saxon and 
Latin origin mingled pretty equally. But the German 
description is entirely Teutonic. Die Blwme in Achsel; 
die Blatter unterhrochen gefiedert, die Bldttchen scha/rf 
gesagt, die Stamme kriechend, die BhUhenstiele einblvr- 
mig. We could imitate this in our own language, by 
saying brokenly-feathered, sharp-sawed; by using ihreed 
for ternate, as the Germans employ gedreit; by saying. 
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fingeredrfecUhered for digitato-pinncUe, and the like. 
But the habit which we have, in common as well as 
scientific language, of borrowing words from the Latin 
for new cases, would make such usages seem very- 
harsh and pedantic. 

We may add that, in consequence of these different 
practices in the two languages, it is a common habit 
of the German reader to impose a scientific definite- 
ness upon a common word, such as our Fifth Aphorism 
requires; whereas the English reader expects rather 
that a word which is to have a technical sense shall be 
derived from the learned languages. Die Kelch and 
die Blume (the cup and the flower) easily assume the 
technical meaning of ccdyx and corolla; die Griffel 
(the pencil) becomes tJie pistil; and a name is easily 
found for the pollen, the anthers, and the stamens, by 
calling them the dust, the dust-cases, and the dust- 
threads {der Sta/uh, die Stavh-heutel, or Stauh-fdcher, 
and die Stavh-fdden), This was formerly done in 
English to a greater extent than is now possible with- 
out confusion and pedantry. Thus, in Grew's book on 
the Anatomy ofPlaMs, the calyx is called the impale- 
m&ni, and the sepals the impalers; the petals are called 
the leaves of the flower ; the stamens with their anthers 
are the seminiform attire. But the English language, 
as to such matters, is now less flexible than it was ; 
partly in consequence of its having adopted the Lin- 
nsean terminology almost entire, without any endea- 
vour to naturalize it. Any attempt at idiomatic de- 
scription would interfere with the scientific language 
now generally received in this country. In Germany, 
on the other hand, those who first wrote upon science 
in their own language imitated the Latin words which 
they found in foreign writers, instead of transferring 
new roots into their own language. Thus the Nume" 
rotor and DenomimMor of a fraction they call the 
Namier and the Counter {Nenner and Zdhler). This 
course they pursued even where the expression was 
erroneous. Thus that portion of the intestines which 
ancient anatomists called Ihwdenum, because they 
falsely estimated its length at twelve inches, the Ger- 
NOV. ORG. 21 
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mans also term Zwolffingerda/rm (twelve-incli-gut), 
though this intestine in a whale is twenty feet long, 
and in a frog not above twenty lines. As another 
example of this process in German, we may take the 
word MtUtersackbcmcIiblaUe, the uterine perUonceum, 

It is a remarkable evidence of this formative power 
of the German language, that it should have been 
able to produce an imitation of the systematic chemi- 
cal nomenclature of the French school, so complete, 
that it is used in Germany as &miliarly as the origi- 
nal system is in France and England. Thus Oxygen 
and Hydrogen are Satterstoffand Wafferstoff; Azote is 
/Sl^icAr^^q^ (suffocating matter); Sulphuric and Sulphu- 
rous Acid are Schwefelrsdv/re and Schwefdichte-adwre, 
The Sulphate and Sulphite of Baryta, and Sulphuret 
of Baryum, are Schwefel-sdure Ba/ryterdej Schwefdichte- 
sdwre Baryterde^ and Schwefelrbaryum. Carbonate of 
Iron is KohUn-adurea Eisenoxydul ; and we may ob- 
serve that, in such cases, the German name is much 
more agreeable to analogy than the English one; for 
the Protoxide of Iron, {Eisenoxydul^) and not the 
Iron itself, is the base of the salt And the German 
language has not only thus imitated the established 
nomenclature of chemistry, but has shown itself capa- 
ble of supplying new forms to meet the demands 
which the progress of theory occasions. Thus the 
Hydracids are Waaaerstoff'Sduren ; and of these, the 
Hydriodic Acid is lodwaaseratoff-adure, and so of the 
rest. In like manner, the translator of Berzelius has 
found German names for the sidpho-salts of that 
chemist; thus he has Wcusaeratoffachwefligea Schewefelr- 
lithiv/m, which would be (if we were to adopt his 
theoretical view) hydro -sulphuret of sulphuret of 
lithium : and a like nomenclature for all other similar 
cases. 

3. In English we have no power of imitating this 
process, and must take our technical phrases from 
some more flexible language, and generally from the 
Latin or Greek. We are indeed so much accustomed 
to do this, that except a word has its origin in one of 
these languages, it hardly seems to us a technical 
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term; and thus by employing indigenous terms, even 
descriptive ones, we may, perhaps, lose in precision 
more than we gain in the vividness of the impression. 
Perhaps it may be better to say cv/neate, lunate, has- 
tate, sa^gittate, reni/orm, than wedge-sha/ped, cre^cefif- 
shaped, hcdbert-headed, a/rrow-headed, Mdney-shaped, 
Ringent and personate are better than any English 
words which we could substitute for them ; labiate is 
more precise than lipped would readily become. Ur- 
ceolate, l/rochlea/r, are more compact than pitcher-shaped, 
pulley-shaped; and infundibaXiform, hypo<yra^eriform, 
though long words, are not more inconvenient than 
funnel-shaped and salver-shaped. In the same way it 
is better to speak (with Dr. Prichard^,) of repent and 
progressive animals, than of creeping and progressive : 
the two Latin terms make a better pair of correlatives. 
4. But wherever we may draw the line between 
the proper use of English and Latin terms in descrip- 
tive phraseology, we shall find it advisable to borrow 
almost all other technical terms from the learned lan- 
guages. We have seen this in considering the new 
terms introduced into various sciences in virtue of our 
Ninth Maxim. We may add, as further examples, 
the names of the various animals of which a know- 
ledge has been acquired from the remains of them 
which exist in various strata, and which have been 
reconstructed by Cuvier and his successors. Such are 
the PdlcBoth&rium, the Anoplotherium, the Megathe- 
rium, the Dinotherium, the Chirotherium, the Megal- 
icMhys, the Mastodon, the Ichthyosaurus, the Plesio- 
sawrus, the Pteroda,ctylus. To these others are every 
year added; as, for instance, very recently, the 
Toxodon, Zeuglodon, and Phascolotherium of Mr. Owen, 
and the Thylacoilieriwrrh of M. Yalenciennes. Still 
more recently the terms Glyptodon, Mylodon, Dicyno- 
don, Paloplotherium, Rhynchosaurus, have been added 
by Mr. Owen to designate fossil animals newly deter- 
mined by him. 



1 Resea/rcheSt p. 69. 
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The names of species, as well as of genera, are tlius 
formed from the Greek : as the Plesiosaunis doHcho- 
clevrus (long-necked), Ichthyosaurus platyodon (broad- 
toothed), the Irish elk, termed Cervus megaceros 
(large-homed). But the descriptive specific names are 
also taken from the Latin, as Plesiosaunis brevirostriSf 
longirostris, crassirostria ; besides which there are 
arbitrary specific names, which we do not here conr 
sider. 

These names being all constructed at a period when 
naturalists were familiar with an artificial system, the 
standard language of which is Latin, have not been 
taken from modem language. But the names of living 
animals, and even of their classes, long ago formed in 
the common language of men, have been in part adopted 
in the systems of naturalists, agreeably to Aphorism 
Third. Hence the language of systems in natural 
history is mixed of ancient and modem languages. 
Thus Cuvier's divisions of the vertebrated animals are 
Mcummif^res (Latin), OiaeauXy Reptiles^ Poissotis; Bi- 
manea^ Quadrv/fncmeSf Ca/massi^eSy Rongeurs^ Pachy^ 
derrms (Greek), Rwminana (Latin), Getacis (Latin). In 
the subordinate divisions the distribution being more 
novel, the names are less idiomatic : thus the kinds of 
Reptiles are GhelonienSy Sauriens, OphidienSy JBatror 
ciens, all which are of Greek origin. In like manner, 
Fish are divided into Ghondropterygiensy Mcdacoptery- 
gienSy Acanthopterygiens. The unvertebrated anim^ds 
are MollusqueSy Animaux articules, and AnimaVjX ray- 
onnea; and the Mollusques are divided into six classes, 
chiefly according to the position or form of their foot; 
namely, Gephxdopodes, Pteropodes, Gasteropodes, Ace- 
phcdesy BrachiopodeSy Girrhopodes, 

In transferring these terms into English, when the 
term is new in French as well as English, we have 
little difficulty; for we may take nearly the same 
liberties in English which are taken in French; and 
hence we may say mammi/ers (rather 7nam7nals)y ceton 
ceans or cetaceSy batracicms (rather hatrachian8)y using 
the words as substantives. But in other cases we 
must go back to the Latin : thus we say radiate ani- 
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mals, or radiata (rather radials), for rayonri^es. These 
changes, however, rather refer to another Aphorism. 

(Mr. Kirby has proposed radia/n/, radia/ries, for 
radiata,) 

5. When new Mineral Species have been established 
in recent times, they have generally had arbitrary 
names assigned to them, derived from some person or 
places. In some instances, however, descriptive names 
have been selected ; and then these have been generally 
taken from the Greek, as Augite, Stilbite, JDiaspore, 
JDickroite, Dioptase, Several of these Greek names 
imposed by Haiiy, refer to some circumstances, often 
fancifully selected, in his view of the crystallization of 
the substance, as Hpidote, Feridote, Pleonast. Similar 
terms of Greek origin have been introduced by others, 
as Orthite, Anorthite, F&nMin, Greek names founded 
on casual circumstances are less to be commended. 
Berzelius has termed a mineral Each/ynUe, from ato-- 
yyvrj, sha^me, because it is, he conceives, a shame for 
chemists not to have separated its elements more dis* 
tinctly than they did at first. 

6. In Botany, the old names of genera of Greek ori- 
gin are very numerous, and many of them are descrip- 
tive, as Glycyrhiza (yXvKvs and pt^a, sweet root) liquor- 
ice, Rhododendron (rose-tree), Hcemaioxylon (bloody 
wood), Chryaocoma (golden hair), Alopecurus (fox-tail), 
and many more. In like manner there are names 
which derive a descriptive significance from the Latin, 
either adjectives, as Ivwpatiens^ Ghrioaa^ Sagitta/ria, 
or substantives irregularly formed, as Tuaailago (^ 
tussis domatione), Urtica (ab urendo tactu), Scdaola 
(k salsedine). But these, though good names when they 
are established by tradition, are hardly to be imitated 
in naming new plants. In most instances, when this 
is to be done, arbitrary or' local names have been 
selected, as Strelitzia, 

7. In Chemistry, new substances have of late had 
names assigned them from Greek roots, as Iodine, from 
its violet colour. Chlorine from its green colour. In 
like manner fluorine has by the French chemists been 
called Pkthor, from its destructive properties. So the 
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liew metals, Chrome, Rhodiv/my Iridium, Osmium, had 
names of Greek derivation descriptive of their proper- 
ties. Some such terms, however, were borrowed from 
localities, as Strontia, Yttria, the names of new earths. 
Others have a mixed origin, as Pyrogallic, Fyroacetic, 
and Fyroliffneous Spirit. In some cases the derivation 
has been extravagantly capricious. Thus in the pro- 
cess for making Pyrogallic Acid, a certain substance is 
left behind, from which M. Braconnot extracted an 
acid which he called Mlagic Acid, framing the root of 
the name by reading the word GcUle backwards. 

The new laws which the study of Electro-chemistry 
brought into view, required a new terminology to ex- 
press their conditions: and in this case, as we have 
observed in speaking of the Twelfth Maxim, arbitrary 
words are less suitable. Mr. Faraday very properly 
borrowed from the Greek his terms Electrolyte, Elec- 
trode, Anode, Cathode, ArCion, CatMon, Dielectric. In 
the mechanico-chemical and mechanical sciences, how- 
ever, new terms are less copiously required than in the 
sciences of classification, and when they are needed, 
they are generally determined by analogy from existing 
terms. Thermoelectricity and Electro-dynamics were 
terms which very naturally offered themselves; No- 
bili's thermo-mvUiplier, Snow Harris's unit-ja/r, were 
almost equally obvious names. In such cases, it is 
generally possible to construct terms both compendious 
and descriptive, without introducing any new radical 
words. 

8. The subject of Crystallography has inevitably 
given rise to many new terms, since it brings imder 
our notice a great number of new relations of a very 
definite! but very complex form. Haiiy attempted 
to find names for all the leading varieties of crystals, 
and for this purpose introduced a great number of 
new terms, foimded on various analogies and allusions. 
Thus the forms of calc-spar are termed by him primi- 
tive, equiaxe, inverse, m^tastoMque, contrastante, imi- 
table, birhomhoidale, prismatique, apophane, v/nitemaire, 
hisunitaire, dodeca^dre, corUractSe, dUatee, sexduodeci- 
male, kisalteme, binotemaire, and many others. The 
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want of uniformity in the origin and scheme of these 
denominations would be no valid objection to them, if 
any general truth could be expressed by means of 
them: but the &x3t is, that there is no definite dis- 
tinction of these forma They pass into each other 
by insensible gradations, and the optical and physical 
properties which they possess are common to all of 
them. And as a mere enunciation of laws of form, 
this terminology is insufficient. Thus it does not at 
all convey the relation between the bisalteme and the 
binotemairef the former being a combination of the 
metaatatique with the prismatique, the latter, of the 
metastatique with the contrastcmte : again, the carUror- 
stmUe, the mioste, the cuboide, the cont/ract^e, the di- 
IcUie, all contain faces generated by a common law, the 
index being respectively altered so as to be in these 
cases, 3, f, ^, J, |; and this, which is the most im- 
portant geometrical relation of these forms, is not at 
all recorded or indicated by the nomenclature. The 
fact is, that it is probably impossible, the subject of 
crystallography having become so complex as it now is, 
to devise a system of names which shall express the 
relations of fonn. Numerical symbols, such as those 
of Weiss or Kaumann, or Professor Miller, are the 
proper ways of expressing these relations, and are the 
only good crystallographic terminology for cases in 
detail 

The terms used in expressing crystallographic laws 
have been for the most part taken from the Greek by 
all writers except some of the Germans. These, we 
have already stated, have constructed terms in their 
own language, as zwei-und-ein gliedrig, and the like. 

In Optics we have some new terms connected with 
crystalline laws, as untaocal and btaoccU crystals, optical 
axes, which offered themselves without any effort on 
the part of the discoverers. In the whole history of 
the undulatory theory, very few innovations in lan- 
guage were found necessary, except to &s. the sense of 
a few phi^ases, as plane-polarized light in opposition to 
circvlarly-polarizedy and the like. 

This is still more the case in Mechanics, Astronomy, 
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and pure mathematics. In these sciences, several of 
the primary stages of generalization being already 
passed over, when any new steps are made, we have 
before ns some analogy by which we may frame onr 
new terms. Thus when the 'planM of Timocimum a/reas 
was discovered, it had not some new arbitrary denomi- 
nation assigned it, but the name which obviously de- 
scribed it was fixed as a technical name. 

The result of this survey of the scientific terms of 
recent formation seems to be this; — ^that indigenous 
terms may be employed in the descriptions of fiicts 
and phenomena as they at first present themselves; 
and in the first induction from these; but that when 
we come to generalize and theorize, terms borrowed 
from the learned languages are more readily fixed and 
made definite, and are also more easily connected with 
derivatives. Our native terms are more impressive, 
and at first more intelligible; but they may wander 
from their scientific meaning, and are capable of little 
inflexion. Words of classical origin are precise to the 
careful student, and capable of expressing, by their 
inflexions, the relations of general ideas; but they are 
unintelligible, even to the learned man, without ex- 
press definition, and convey instruction only through 
an artificial and rare habit of thought. 

Since in the balance between words of domestic and 
of foreign origin so much depends upon the possibility 
of inflexion and derivation, I shall consider a little 
more closely what are the limits and considerations 
which we have to take into account in reference to 
that subject. 

Aphorism XXI. 

In the composition and injlexion of technical terms, phi- 
lological analogies are to be preserved ifpossibUi hut modi^ 
fed according to scientific convenience. 

In the language employed or proposed by writers 
upon subjects of science, many combinations and forms 
of derivation occur, which would be rejected and con- 
demned by those who are careful of the purity and 
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correctness of language. Such anomalies are to be 
avoided as mucli as possible; but it is impossible to 
escape them altogether, if we are to have a scientific 
language which has any chance of being received into 
general use. It is better to admit compoimds which 
are not philologically correct, than to invent many 
new words, all strange to the readers for whom they 
are intended: and in writing on science in our own 
language, it is not possible to avoid making additions 
to the vocabulary of common life; since science re- 
quires exact names for many things which common 
language has not named. And although these new 
names should, as much as possible, be constructed in 
conformity with the analogies of the language, such 
extensions of analogy can hardly soimd, to the gram- 
marian's ear, otherwise than as solecisms. But, as our 
maxim indicates, the analogy of science is of more 
weight with us than the analogy of language : and al- 
though anomalies in our phraseology should be avoided 
as much as possible, innovations must be permitted 
wherever a scientific language, easy to acquire, and 
convenient to use, is unattainable without them. 

I shall proceed to mention some of the transgres- 
sions of strict philological rules, and some of the 
extensions of grammatical forms, which the above 
conditions appear to render necessary. 

I. The combination of different languages in the 
derivation of words, though to be avoided in general, 
is in some cases admissible. 

Such words are condemned by Quintilian and other 
granmiarians, under the name of hybrids, or things of a 
mixed race; as hidimum, from his and Kkivri ; epitogium, 
from iirl and toga, Nor are such terms to be un- 
necessarily introduced in science. Whenever a homo- 
geneous word can be formed and adopted with the 
same ease and convenience as a hybrid, it is to be pre- 
ferred. Hence we must have ichthyology, not piscology, 
entomology, not insectology, insectivorotis, not insect- 
ophagous. In like manner, it would be better to say 
unoculus than Tnonocidus, though the latter has the 
sanction of Linnaeus, who was a purist in such matters. 
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Dr Turner, in his Chemistry, speaks of protooddes and 
hinoxidea, which combination violates the rule for 
making the materials of our terms as homogeneous as 
possible; protoxide and deiUoxide would be preferable, 
both on this and on other accounts. 

Yet this rule admits of exceptions. Mineralogy, 
with its Greek termination, has for its root mmera, a 
medieval Latin word of Teutonic origin, and is prefer- 
able to Oryctology, Termmology appears to be better 
than Glossology : which according to its derivation 
would be rather the science of language in general 
than of technical terms; and Horology, from opos, a 
term, would not be immediately intelligible, even to 
Greek scholars; and is already employed to indicate 
the science which treats of horologes, or time-pieces. 

Indeed, the English reader is become quite fiimiliar 
with the termination ology, the names of a large num- 
ber of branches of science and learning having that 
form. This termination is at present rather appre- 
hended as a formative affix in our own language, indi- 
cating a science, than as an element borrowed from 
foreign language. Hence, when it is difficult or im- 
possible to find a Greek term which clearly designates 
the subject of a science, it is allowable to employ some 
other, as in Tidology, the doctrine of the Tides. 

The same remark applies to some other Greek ele- 
ments of scientific words: they are so fitmiliar to us 
that in composition they are almost used as part of 
our own language. This naturalization has taken 
place very decidedly in the element a/rch, {dpxo^f a 
leader,) as we see in a/rchbishop, archdvke. It is ef- 
fected in a great degree for the preposition anti: thus 
we speak of anti-slavery societies, anti-reformers, anti' 
bilious, or anti-acid medicines, without being conscious 
of any anomaly. The same is the case with the Latin 
preposition prce or pre, as appears firom such words as 
pre-engage, pre-arrange, pre-jvdge, pre-paid; and in 
some measure with pro, for in colloquial language we 
speak of pro-catholics and anti-catholics. Also the 
preposition aMe is similarly used, as ante-nicene fathers. 
The preposition co, abbreviated firom con, and imply- 
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ing tilings to be simultaneous or connected, is firmly 
established as part of the language, as we see in coexist, 
coheir, coordinate; hence I have called those lines co- 
tidal lines which pass through places where the high 
water of the tide occurs simi^Itaneouslj. 

2. As in the course of the mixture by which our 
language has been formed, we have thus lost all habi- 
tual consciousness of the difference of its ingredients, 
(Greek, Latin, Norman-French, and Anglo-Saxon) : we 
have also ceased to confine to each ingredient the mode 
of grammatical inflexion which origmally belonged to 
it. Thus the termination ive belongs peculiarly to 
Latin adjectives, yet we say sportive, talkative^ In 
like manner, ahh is added to words which are not 
Latin, as eatable, drinkable, pitiable, enviable. Also 
the termination at and ical are used with various roots, 
as hyaZ, royal, fa/rcwal, whimsical; hence we may 
make the adjective tidal from tide. This ending, al, 
is also added to abstract terms in ion, as occasional, 
provisional, intentional, national; hence we may, if 
necessary, use such words as edtusationcU, terminor 
tional. The ending %§ appears to be suited to proper 
names, as Pindaric, Socratic, Flatonic; hence it may 
be used when scientific words are derived from proper 
names, as Voltaic or Galvamic electricity : to which I 
have proposed to add Fra/nJdinic. 

Li adopting scientific adjectives from the Latin, we 
have not much room for hesitation; for, in such cases, 
the habits of derivation from that language into oiu: 
own are very constant; iw^ becomes ive, as decursive; 
inus becomes ine, as ia ferine; atus becomes ale, as 
hastate; and us often becomes oils, as rufous; oris be- 
comes ary, as aanllary; ens becomes ent, as ringent. 
And in adopting into our language, as scientific terms, 
words which in another language, the French for in- 
stance, have a Latin origin fiumliar to us, we cannot 
do better than form them as if they were derived 
directly from the Latin. Hence the iVench adjectives 
cetace, crustacS, testace, may become either cetaceous, 
crustaceous, testaceous, according to the analogy of 
/arinaceous, predaceous, or else cetacea/n, crustacean, 
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teskicean, imitating the form of pcUriciain. Since, as 
I shall soon have to notice, we require substantives as 
well as adjectives from these words, we must, at least 
for that use, take the forms last suggested. 

In pursuance of the same remark, rongewr becomes 
rodent; and edenti would become edentate, but that 
this word is rejected on another account: the adjec- 
tives bvmcme and quadnmume are bimcmoTia and qtiad^ 
Tumcmous. 

3. There is not much difficulty in thus fo r ming 
adjectives: but the purposes of Natural History re- 
quire that we should have substantives corresponding 
to these adjectives; and these cannot be obtained with- 
out some extension of the analogies of our language. 
We cannot in general use adjectives or participles as 
singular substantives. The happy or the doomed would, 
according to good English usage, signify those who are 
happy and those who are doomed in the plural. Hence 
we could not speak of a particular scaled animal as the 
8quama;tej and still less could we call any such animal 
a sqiuimate, or speak of aquamfiatea in the plural. Some 
of the forms of our adjectives, however, do admit of 
this substantive use. Thus we talk of Europeans, ple- 
beians, republicans; of divines and masciUines ; of the 
tdtramontanes ; of mordants and brilHa/nts; of abster- 
gents and emollients; of mercenaries and tributaries; 
of omA/mals^ mam/uals, and officials; of dissvxisives and 
Tnotives, We cannot generally use in this way adjectives 
in Otis, nor in ate (though reprobates is an exception), 
nor English participles, nor adjectives in which there 
is no termination imitating the Latin, as happy, good. 
Hence, if we have, for purposes of science, to convert 
adjectives into substantives, we ought to follow the 
form of examples like these, in which it has already 
appeared in fact, that such usage, though an innova- 
tion at first, may ultimately become a received part of 
the language. 

By attention to this rule we may judge what ex- 
pressions to select in cases where substantives are 
needed. I will take as an example the division of 
the mammalian animals into Orders. These Orders,, 
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according to Cuvier, are Bimanes^ Quadrumanes, Ca/T" 
TUMsiers, Rongeurs^ JEdentes, Hummans, Pctchydermes^ 
CStach; and of these, Bimcmes, Qu^ruma/nes, Bo- 
dentSy Bumincmts, Pachyderma are admissible as En- 
glish substantives on the grounds just stated. Cetaceous 
could not be used substantively ; but Cetaceom in such 
a usage is sufficiently countenanced by such cases as 
we have mentioned^ pcUricicm, &c; hence we adopt 
this form. We have no English word equivalent to 
the French Ga/massiera: the English jjranslator of 
Cuvier has not provided English words for his tech- 
nical terms; but has formed a Latin word, Ca/mwria, ■- 
to represent the French terms. From this we might 
readily form Ga/imcmea; but it appears much better to 
take the Linnsean name FeroB as our root, fix)m which 
we may take Feri/ne, substantive as well as adjective ; 
and hence we call this order Ferinea, The word for 
which it is most difficult to provide a proper represen- 
tation is FderUe, Edentata: for, as we have said, it 
would be very harsh to speak of the order as the 
Edentates; and if we were to abbreviate the word 
into ederUy we should suggest a false analogy with 
rodent, for as rodent is quod rodit, that which gnaws, 
edent would be quod edit, that which eats. And even 
if we were to take edent as a substantive, we could 
hardly use it as an adjective : we should still have to 
say, for example, the edentate form of head. For these 
reasons it appears best to alter the form of the wor4, 
and to call the Order the Edentcds, which is quite 
allowable, both as adjective and substantive. 

[An objection might be made to this term, both in 
its Latin, French and English form : namely, that the 
natural group to which it is applied includes many 
species, both existing and extinct, well provided with 
teeth. Thus the armadillo is remarkable for the num- 
ber of its teeth; the megatherium, for their complex 
structure. But the analogy of scientific language 
readily permits us to fix, upon the word edentata, a 
specifld meaning, implying the absence of one parti- 
cular kind of teeth, namely, incisive teeth. Linnaeus 
called the equivalent order Bruia. We could not 
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apply in this case the term Brutes ; for common lan^ 
guage has already attached to the word a wider mean-> 
ing, too fixedly for scientific use to trifle with it.] 

There are several other words in (xte about which 
there is the same difficulty in providing substantive 
forms. Are we to speak of Vertebrates ? or would it 
not be better, in agreement with what has been said 
above, to call these VertebrcUs, and the opposite class 
Invertehrals ? 

There are. similar difficulties with regard to the 
names of subordinate portions of zoological classifica- 
tion; thus the Ferines are divided by Cuvier into 
Cheiropt^reSf Insectivores, Carnivores; and these latter 
into Plantigrades, Digitigrades, Am^Mbies, Ma/rsupi- 
aux. There is not any great harshness in naturalizing 
these substantives as Chiropters, Insectivores, Carni- 
vores, Plcmtigrades, Digitigrades, Amphibians, and 
Marsupials, These words Carnivores and Insectivores 
are better, because of more familiar origin, than Greek 
terms; otherwise we might, if necessary, speak of 
Zoophagans and Entomophagans. 

It is only with certain familiar adjectival termina- 
tions, as ous and ate, that there is a (fifficulty in using 
the word as substantive. When this can be avoided, 
we readily accept the new word, as Pachyderms, and 
in like manner MollusJcs, 

If we examine the names of the Orders of Birds, we 
find that they are in Latin, Predator es or Accipitres, 
Passeres, Scansores, Basores or Galling, Grallatores, 
Palmipedes and Anseres : Cuvier's Orders are, Oiseatix 
de Proie, PassereaVjX, Grimp&wrs, Oallinaces, Ecluis-' 
siers. Palmipedes, These may be englished conveni- 
ently as Predators, Passerines, Sca/nsors, GaUinojceams, 
(rather than Basors,) Gralla^tors, Palmipedans, [or 
rather Palmipeds, like Biped8\, Scansors, GralkUors, 
and Basors, are better, as technical terms, than Climb- 
ers, Waders, and Scratchers. We might venture to 
anglicize the terminations of the names which Cuvier 
gives to the divisions of these Orders : thus the Pre- 
dators are the Diurnals and the Nocturnals ; the 
Passerines are the D&nJtirostres, the Fissirostres, the 
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Conirostres, the Tenuirostres, and the Syndactyls : the 
word lustre showing that the former termination is 
allowable. The Scansors are not sub-divided, nor are 
the Gallinaceans. The Grallators are Fressirostres, 
CidtrirostreSy Macrodactyla, The Palmipeds are the 
FlungerSy the Longipena, the TotipcUrnes and the 
LameUirostres, 

The next class of Yertebrals is the Reptiles, and 
these are either Chelonicms, ScmrianSy Ophidicms, or 
Batrachians, Cuvier writes Batradens, but we prefer 
the spelling to which the Greek word directs us. 

The last or lowest class is the Fishes, in which pro- 
vince Cuvier has himself been the great systematist, 
and has therefore had to devise many new terms. 
Many of these are of Greek or Latin origin, and can 
be anglicized by the analogies already pointed out, as 
Chondropterygioms, Malacopterygians, Lophohrcmchs, 
Flectognaths, Gymnodonts, Scleroderms. Discoboles and 
Apodea may be English as well as French. There are 
other cases in which the author has formed the names 
of Families, either by forming a word in ides from the 
name of a genus, as Gadoides, GoMoides, or by galliciz- 
ing the Latin name of the genus, as Sdlmones from 
Salmo, Glvpes from Glupea, Esoces from Esox, Gyprins 
from Gyprinus. In these cases Agassiz's favourite form 
of names for families of fishes has led English writers 
to use the words Gadoids, GoMoids, Salmonoids, Glu- 
peoids, lyucioids (for Esoces), Gyprinoids, <fec. There is 
a taint of hybridism in this termination, but it is at- 
tended with this advantage, that it has begun to be 
characteristic of the nomenclature of family groups in 
the class Fisces. One of the orders of fishes, co-ordi- 
nate with the Chondropterygians and the Lopho- 
branchs, is termed Gsseux by Cuvier. It appears 
hardly worth while to invent a substantive word for 
this, when Bony Fishes is so simple a phrase, and may 
readily be understood as a technical name of a system- 
atic order. 

The Mollusks are the next Class; and these are 
divided into Gephalopods, Gasteropods, and the lika 
The Gasteropoda are Nudihranchs, Inferohranclts, Tecti^ 
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branch8,Fedvn/ihra/nch8,Scuiibranch8y and Cyclohranchs. 
In framing most of these terms Cuvier has made hy- 
brids by a combination of a Latin word with branchice, 
which is the Greek name for the gills of a fish; and has 
thus avoided loading the memory with words of an 
origin not obvious to most naturalists, as terms derived 
from the Greek would have been. Another division 
of the Gasteropods is Fttlmanis, which we must make 
Fvlmonia/ns, In like manner the subdivisions of the 
Pectinibranchs are the Trochoidams and Buccinoidans^ 
{TrocJundeSy Buccimndea), The Aciphcdes, another order 
of MoUusks, may be AcephcUs in English. 

After these comes the third grand division, Articun 
lated AnimcdSj and these are AnnelidcmSy Crustaceans, 
Arachnidans, and Insects, I shall not dwell upon the 
names of these, as the form of English words which is 
to be selected must be sufficiently obvious from the 
preceding examples. 

Finally, we have the fourth grand division of animals, 
the Eayonn^Sf or Radiata; which, for reasons already 
given, we may call Eadials, or Hadiaries, These are 
Echinoderms, Intestinalsy (or rather JSntozoans,) Aca- 
lephes, and Polyps, The !Polyps, which are composite 
animals in which many gelatinous individuals are con- 
nected so as to have a common life, have, in many cases, 
a more solid framework belonging to the common part 
of the animal. This framework, of which coral is a 
special example, is termed in French Polypier; the 
word has been anglicized by the word polypa/ry, after 
the analogy of aviary and apiary. Thus Polyps are 
either Polyps with Polypa/ries or Naked Polyps, 

Anj common kind of Polyps has usuidly in' the 
English language been called Polypus, the Greek ter- 
mination* being retained. This termination in us, 
however, whether Latin or Greek, is to be excluded 
from the English as much as possible, on account of 
the embarrassment which it occasions in the formation 
of the plural. For if we say Polypi the word ceases to 
be English, while Polypuses is harsh : and there is the 
additional inconvenience, that both these forms would 
indicate the plural of individuals rather than of classea 
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If we were to say, * The Corallines are a Family of the 
Polypuses tmth Polypa/rieSy it would not at once occur 
to the reader that the last three words formed a tech< 
nical phrase. 

This termination us, which must thus be excluded 
from the names of families, may be admitted in the 
designation of genera; of animals, as Naviilus, Echinus , 
Hippopotomius ; and of plants, as Crocus, Asparagus, 
Na/rdssus^ Acanthus, Ranwactdus, Fungus, The same 
form occurs in other technical words, as Fucus, Mucus, 
(Esophagus, Hydrocephaly, Callus, Calculus, Uterus, 
Fodus, Radius, Focus, Appa/ratus, It is, however, 
advisable to retain this form only in cases where it is 
already firmly established in the language ; for a more 
genuine English form is preferable. Hence we say, 
with Mr. Lyell, Ichthyosa/ar, FlesiosaiM*, Pterodactyl, In 
like manner Mr. Owen anglicizes the termination eriurrij 
and speaks of the Anoplothere and Paleothere, 

Since the wants of science thus demand adjectives 
which can be uiied also as substantive names of classes, 
this consideration may sometimes serve to determine 
our selection of new terms. Thus Mr. LyeU's names 
for the subdivisions of the tertiary strata, Miocene, Plio- 
cene, can be used as substantives; but if such words as 
MioTieous, Plioneous, had suggested themselves, they 
must have been rejected, though of equivalent significa- 
tion, as not fulfilling this condition. 

4. (a.) Abstract substantives can easily be formed 
from adjectives : from electric we have electricity; from 
galvanic, ga^anism; from organic, organization; velo- 
city, levity, gramty, are borrowed from Latin adjectives. 
Caloric is familiarly used for the matter of heat, though 
the form of the word is not supported by any obvious 
analogy. 

(b.) It is intolerable to have words regularly 
formed, in opposition to the analogy which their mean- 
ing offers; as when bodies are said to have conduct- 
ibUiiy or conductftiZi^y with regard to heat. The bodies 
are conductiw, and their property is conductim^y. 

(c.) The terminations ize (rather than ise), ism, and 
ist, are applied to words of all origins : thus we have to 
NOV. OBG. 22 
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pulverize^ to colonize^ WUtidsm, Heathenism, Journailr- 
ist, Tobacconist, Hence we may make such words when 
they are wanted. As we cannot use physician for a 
cultivator of physics, I have called him a Fhysidst: 
We need very much a name to describe a cultivator of 
science in general I should incline to call him a 
Scientist, Thus we might say, that as an Artist is a 
Musician, Painter, or Poet, a Scientist is a Mathemar 
tician, Phyacisfc, or Naturalist. 

(d.) Connected with vei:bs in ize, we have abstract 
nouns in ization, as pola/riza>tion, crystallization. These 
it appears proper to spell in English with z rather than 
s; governing our practice by the Greek verbal termi- 
nation tf<o which we imitate. But we must observe 
that verbs and substantives in yse, (cmalyse), belong 
to a different analogy, giving an abstract noun in ysis 
and an adjective ytic or ytical; (a/nalysis, analytic, 
analytical). Hence electrolyse is more proper than 
electrolyze, 

(e.) The names of many sciences end in ics after 
the analogy of Mathematics, Metaphysics; as Optics, 
Mechanics, But these, in most other languages, as in 
our own formerly, have the singular form Optice, VOp- 
tique, Optik, Optick : and though we now write Optics, 
we make such words of the singular number : ^ New- 
ton's Opticks is an example.' As, however, this con- 
nexion in new words is startling, as when we say 
* Thermo-electrics is now much ciQtivated,' it appears 
better to employ the singular form, after the analogy 
of Logix: and Rhetoric, when we have words to con- 
struct. Hence we may call the science of languages 
Linguistic, as it is called by the best German writers^ 
for instance, William Von Humboldt. 

5. In the derivation of English from Latin or Greek 
words, the changes of letters are to be governed by the 
rules which have generally prevailed ii^ such cases. 
The Greek 01 and at, the Latin oe and as, are all con- 
verted into a simple 6, as in j^conomy. Geodesy, penal, 
Cesar. Hence, according to common, usage, we should 
write phenomena, not phcenomena, paleontology, not 
palaeontology, miocene not mioctene, pekilite not poj* 
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kilite. But in order to keep more clearly in view the 
origin of our terms, it may be allowable to deviate from 
these rules of change, especially so long as the words 
are new and unfamiliar. Dr. Buckland speaks of the 
poikUUic, not pecUUic, group of strata: pcdcRontohgy 
is the spelling commonly adopted ; and in imitation of 
this I have written pcdcetiology. The diphthong ct was 
by the Latins changed into i, as in Aristides; and 
hence this has been the usual form in English. Some 
recent authors indeed (Mr. Mitford for instance) write 
Aristewies; but the former appears to be the more 
legitimate. Hence we write mtocene, pliocene, not 
maiocene, pletocene. The Greek v becomes y, and ow 
becomes u, in English as in Latin, as crystal, coli^re. 
The consonants k and ^ become c and c^ accord^ 
ing to common usage. Hence we write crystal^ 
not chrystal, batracMan, not batracian, cryolite, not 
cAryolite. As, however, the letter c before e and i 
differs from k, which is the sound we assign to the 
Greek k, it may be allowable to use k in order to avoid 
this confusion. Thus, as we have seen, poi^ilite has 
been used, as well as pecilite. Even in common lan- 
guage some authors write sA;eptic, which appears to be 
better than sceptic with our pronimciation, and is pre- 
ferred by Dr. Johnson. For the same reason, namely, 
to avoid confusion in the pronimciation, and also, in 
order to keep In view the connexion with cathode^ the 
elements of an electrolyte which go to the anode and 
cathode respectively may be termed the anion and 
cat^ion ; although the Greek would suggest cation, 
(Kartov). 

6. The example of chemistry has shown that we 
have in the terminations of words a resource of which 
great use may be made in indicating the relations of 
certain classes of objects : as sulphurcn^^ and sulphuric 
acids ; sulpha^, sulphi^, and sulpht^e^^. Since the 
introduction of the artifice by the Lavoisierian school, 
it has been extended to some new cases. The Chlormc, 
Muorwic, 'Bromine, lodiwc, had their names put into 
that shape in consequence of their supposed analogy : 
and for the same reason have been termed Ohlore^ 

22—2 
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Phlore, Brome, lode, by French chemists. In like 
manner, the names of metals in their Latin form have 
been made to end in vm%^ as Osmium, Palladium; 
and hence it is better to say Flatint^m, Molybden* 
vm, than Platina, Molybdena. It has been proposed 
to term the basis of Boracic acid Boro^y and those who 
conceive that the basis of Silica has an analogy with 
Boron have proposed to term it Silicon, while those 
who look upon it as a metal would name it Silicium. 
Selenit^i was so named when it was supposed to be a 
metal : as its analogies are now acknowledged to be of 
another kind, it would be desirable, if the change were 
not too startling, to term it Selew, as it is in German. 
Phosphortw in like manner might be Phospht^r, which 
would indicate its analogy with Sulpht^r. 

The resource which terminations offer has been ap- 
plied in other cases. The names of many species of 
minerals end in lite, or Ue^ as Stauro^i^, Augt^ 
Hence Adolphe Brongniart, in order to form a name 
for a genus of fossil plants, has given this termination 
to the name of the recent genus which they nearly 
resemble, as Z&mUes, from Zamia, Lycopodi^ from 
Lycopodium. 

Kames of different genera which differ in termina- 
tion only are properly condemned by Linnaeus'; as 
Alsine, Alsinoides, AlsineUa, Alsinastrum; for there 
is no definite relation marked by those terminations. 
Linnseus gives to such genera distinct names, Ahine^ 
Bufonia, Sagina, EUdine, 

Terminations are well adapted to express definite 
systematic relations, such as those of chemistry, but 
they must be employed with a due regard to all the 
beamings of the system. Davy proposed to denote the 
combinations of other substances with chlorine by 
peculiar terminations ; using ane for the smallest pro- 
portion of Chlorine, and anea for the larger, as Cup- 
rane, Cupra^iea. In this nomenclature, common salt 
would be Sodane, and Chloride of Nitrogen would be 
Azotane. This suggestion never found favour. It was 
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objected that it was contrary to the Linnaean pre- 
cept, that a specific name must not be united to a 
generic termination. But this was not putting the 
matter exactly on its right ground ; for the rules of 
nomenclature of natui^al history do not apply to 
chemistry; and the Linnsean rule might with equal 
propriety have been adduced as a condemnation of 
such terms as Sulphurotw, Sulphuric. But Davy's 
terms were bad; for it does not appear that Chlorine 
enters, as Oxygen does, into so large a portion of 
chemical compounds, that its relations afford a key to 
their nature, and may properly be made an element 
in their names. 

This resource, of terminations, has been abused, 
wherever it has been used wantonly, or without a defi- 
nite significance in the variety. This is the case in 
M. Beudant's Mineralogy. Among the names which 
he has given to new species, we find the following 
(besides many in ite), Scolexero^e, Opsimo«e, Exan- 
thelo^, &c. ; Diacrase, Panab6»e, 'NeojAase; Neocl6«e; 
'Rhodoise, Stibiconwe, <kc ; Marcelme, Wilhelmiwe, <fec. ; 
Exited, and many others. In addition to other objec- 
tions which might be made to these names, their 
variety is a material defect : for to make this variety 
depend on caprice alone, as in those cases it does, is to 
throw away a resource of which chemical nomenclature 
may teach us ihe value. 

Aphohism XXII. 

When alterations in technical terms become necessary^ it 
Is desirable that the new term shouM contain in its form 
some memorial of the old one. 

We have excellent examples of the advantageous 
use of this maxim in Linnseus's reform of botanical 
nomenclature. His innovations were very extensive, 
but they were still moderated as much as possible, and 
connected in many ways with the names of plants then 
in use. He has himself given several rules of nomicn- 
clature^ which tend to establish this connexion of the 
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old and new in a reform. Thus He says, 'Generic 
names which are corrent, and are not accompanied 
with harm to botany, idionld be tolerated \' *A 
passable generic name is not to be changed for another, 
though more apt*.' *New generic names are not to 
be framed so long as passable synonyms are at hand^' 
* A generic name of one genus, except it be super- 
fluous, is not to be transferred to another genus, though 
it suit the other better^' *If a received genus re- 
quires to be divided into several, the name which 
before included the whole, shall be appHed to the most 
common and familiar kind^' And though he rejects 
all generic names which have not a Greek or Latin 
root*^, he is willing to make an exception in favour of 
those which from their form might be supposed to 
have such a root, though they are really borrowed from 
other languages, as Thea, which is the Greek for god- 
dess; Goffea, which might seem to come from a Greek 
word denoting silence (/cw^os); Gheircmthu8j which ap- 
pears to mean hand-flower, but is really derived from 
the Arabic Keiri: and many others. 

As we have already said, the attempt at a reforma- 
tion of the nomenclature of Mineralogy made by Pro- 
fessor Mohs will probably not produce any permanent 
eflect, on this account amongst others, that it has not 
been conducted in this temperate mode; the innova- 
tions bear too large a proportion to the whole of the 
names, and contain too little to remind us of the 
known appellations. Yet in some respects Professor 
Mohs has acted upon this maxim. Thus he has called 
one of his classes Spar^ because Felspa/r belongs to it. 
I shall venture to ofier a few suggestions on this sub- 
ject of Mineralogical Nomenclature. 

It has already been remarked that the confusion 
and complexity which prevail in this subject render a 
reform very desirable. But it will be seen, from the 
reasons assigned under the Ninth Aphorism, that no 
permanent system of names can be looked for, till a 
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sound system of classification be established. The best 
mineralogical systems recently published, however, ap- 
pear to converge to a common ' point; and certain 
classes have been formed which have both a natural- 
historical and a chemical significance. These Classes, 
according to Naumann, whose arrangement appears 
the best, are Hydrolytes, Haloids, Silicides, Oxides of 
Metals, Metals, Sulphurides (Pyrites, Glances, and 
Blendes), and Anthracides. Now we find; — ^that the 
Hydrolytes are all compounds, such as are commonly 
termed Salts; — ^that the Haloids are, many of them, 
already called Spars, as Cole Spar, Heavy Spar, Iron 
Span', Zinc Spar; — ^that the SUicides, the most nume- 
rous and difficult class, are denoted for the most part, 
by single words, many of which end in Ue; — ^that the 
other classes, or subclasses, Ooddes, Pyrites, Glances, 
and Blendes, have commonly been so termed; as Red 
Iron Oxide, Iron Pyrites, Zinc Blende; — ^while pure 
metals have usually had the adjective native prefiied, 
as Native Gold, Native Copper, These obvious fea- 
tures of the current names appear to afford us a basis 
for a systematic nomenclature. The Salts and Spars 
might all have the word saiU or span' included in their 
name, as Natron Salt, GUmber Salt, Bock Salt; Calc 
Span, Bitter Span, (Carbonate of lime and Magnesia), 
Fluor Span, Phosphor Span (Phosphate of Lime), 
Heavy Spar, Celestine Spar (Sulphate of Strontian), 
Chromic Lead Spar (Chromate of Lead) ; the Silicides 
might all have the name constructed so as to be a 
single word ending in ite, as GhabasUe (Chabasie), 
Natrolile (Mesotype), Somnnite (Nepheline), Pistadte 
(£pidote) ; from this rule might be excepted the Gems, 
as Topaz, Emerald, Corvnidum, which might retain 
their old names. The Oxides, Pyrites, Glances, and 
^Blendes, might be so termed; thus we should have 
Tungstic Iron Oxide (usually called Tungstate of Iron), 
Arsenical Iron Pyrites (Mispickel), Tetnahednal Cop- 
per Glance (Fahlerz), Quicksilver Blende (Cinnabar), 
and the metals might be termed native, as Native Cop- 
per, Native Silver. 

Such a nomenclature would take in a very large 
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proportion of commonly received appellations, especi- 
ally if we were to select among the synonyms, as is 
proposed above in the case of Oh/ubeir SdU, Bitter Spa/Tj 
SommUe, PistacUe, NaProlUe, Hence it might be 
adopted without serious inconvenience. It would make 
the name convey information respecting the place of 
the mineral in the system; and by imposing this con- 
dition, would limit the extreme caprice, both as to 
origin and form, which has hitherto been indulged in 
imposing minersdogical names. 

The principle of a mineralogical nomenclature de- 
termined by the place of the species in the system, has 
been recognized by Mr. Beudant as well as Mr. Mohs. 
The former writer has proposed that we should say 
Carbonate Cdtcaire^ Ca^bmcUe WUherUe, Stdphate 
Oouperose, SUicate StUbite, Silicate Ghahaaie, and so on. 
But these are names in which the part added for the 
sake of the system, is not incorporated with the com- 
mon name, and would hardly make its way into com- 
mon use. 

We have already noticed Mr. Mohs's designations 
for two of the Systems of Crystallization, the Pyra- 
midal and the Prismatic, as not characteristic. If it 
were thought advisable to reform such a defect, this 
might be done by calling them the Squa/re Pyrcmbidal 
and the Oblong Prismatic, which terms, while they ex- 
pressed the real distinction of the systems, would be 
intelligible at once to those acquainted with the Mohs- 
ian terminolc^. 

I will mention another suggestion respecting the 
introduction of an improvement in scientific language. 
The term Depolarizatiorh was introduced, because it 
was believed that the effect of certain crystals, when 
polarized light was incident upon them in certain posi- 
tions, was to destroy the peculiarity which polarizatiotf 
had produced. But it is now well known, that the 
effect of the second crystal in general is to divide the 
polarized ray of light into two rays, polarized in dif- 
ferent planes. Still this effect is often spoken of as 
Depolarization, no better term having been yet devised. 
I have proposed and used the term D^olarization, 
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which well expresses what takes place, and so nearly 
resembles the elder word, that it must sound familiar 
to those already acquainted with writings on this 
subject. 

I may mention one term in another department of 
literature which it appears desirable to reform in the 
same manner. The theory of the Fine Arts, or the 
philosophy which speculates concerning what is beau- 
tiful in painting, sculpture or architecture, and other 
arts, often requires to be spoken of in a single word. 
Baumgarten and other German writers have termed 
this province of speculation ^Esthetics; aurOdvecrOai, to 
perceive, being a word which appeared to them fit to 
designate the perception of beauty in particular. Since, 
however, cesthetics would naturally denote the Doctrine 
of Perception in general ; since this Doctrine requires 
a name; since the term cesthetica has actually been 
applied to it by other German writers (as Kant); and 
since the essential point in the philosophy now spoken 
of is that it attends to Beauty; — ^it appears desirable 
to change this name. In pursuance of the maxim now 
before us, I should propose the term CallcestheticSy or 
rather (in agreement with what was said in page 338) 
CalkBeAetic^ the science of the perception of beauty. 
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FURTHEB ILLUSTRATIONS OF THE APHORISMS 

ON SCIENTIFIC LANGUAGE, FROM THE 

RECENT COURSE OF SCIENCES. 



I. Botany. 

The nomenclature of Botany as rescued from confu^ 
sion by Linnaeus, has in modem times been in some 
danger of relapsing into disorder or becoming intoler- 
ably extensive, in consequence of the multiplication of 
genera by the separation of one old genus into several 
new ones, and the like subdivisions of the higher groups, 
as subclasses and classes. This inconvenience, and the 
origin of it, have been so well pointed out by Mr. G. 
Bentham^, that I shall venture to adopt his judgment 
as an Aphorism, and give his reasons for it. 

Aphokism XXni. 

It is of the greatest wnportcmee that the Chroups which 
give their substantive names to every included species should 
remain large. 

It will be recollected that according to the Linnsean 
nomenclature, the genus is marked by a substantive, (as 
Ro8a\ and the species designated by an adjective added 
to this substantive, (as Rosa Alpina) ; while the natu- 
ral orders are described by adjectives taken substan- 
tively, (as Rosacece), But this rule, though it has been 
universally assented to in theory, has often been devi- 
ated from in practice. The number of known species 
having much increased, and the language of Linnseus 
and the principles of Jussieu having much augmented 
the facilities for the study of affinities, botanists have 
become aware that the species of a genus and the genera 
of an order can be collected into intermediate groups 
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as natural and as i^ell defined as the genera and orders 
themselves, and names are required for these subordi- 
nate groups as much as for the genera and orders. 
- Now two courses have been followed in providing 
names for these subordinate groups. 

I. The original genera (considering the case of genera 
in the first place) have been preserved, (if well founded) ; 
and the lower groups have been called avibgenera, sec- 
tions, subsections, divisions, &c. : and the original names 
of the genera have been maintained for the purpose of 
nomenclature, in order to retain a convenient and stable 
language. But when these subordinate groups are so 
well defined and so natural, that except for the conve- 
nience of language, they might be made good genera, 
there are given also to these subordinate groups, sub- 
stantive or substantively-taken adjective names. When 
these subordinate groups are less defined or less natural, 
either no names at all are given, and they are distin- 
guished by figures or signs such as *, **, or § i, § 2, 
&c. or there are given them mere adjective names. 

Or, 2, To regard these intermediate groups between 
species and the original genera, as so many independent 
genera ; and to give them substantive names, to be used 
in ordinary botanical nomenclature. 

Now the second course is that which has produced 
the intolerable multiplication of genera in modem 
times ; and the first course is the only one which can 
save botanical nomenclature from replunging into the 
chaos in which Linnaeus found it. It was strongly ad- 
vocated by the elder Be CandoUe; although in the 
latter years of his life, seeing how general was the dis- 
position to convert his subgenera and sections into 
genera, he himself more or less gave in to the general 
practice. The same principle was adopted by End- 
Uchen, but he again was di^osed to go far in giving 
substantive names to purely technical or ill-defined 
subsections of genera. 

The multiplication of genera has been much too 
common« Botanists have a natural pride in establish- 
ing new genera (or orders) ; and besides this, it is felt 
bow useful it is, in the study of affinities, to define and 
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name all natural groups in every grade, however nume- 
rous they may be : and in the immense variety of lan- 
guage it is found easy to coin names indefinitely. 

But the arguments on the other side much pre- 
ponderate. In attempting to introduce all these new 
names into ordinary botanical language, the memory is 
taxed beyond the capabilities of any mind, and the ori- 
ginal and legitimate object of the Linnsean nomencla- 
ture is wholly lost sight of. In a purely scientific view 
it matters little if the Orders are converted into Classes 
or Alliances, the Genera into Orders, and the Sections 
or Subsections into Genera : their relative importance 
does not depend on the names given to them, but on 
their height in the scale of comprehensiveness. But 
for language, the great implement without which sci- 
ence cannot work, it is of the greatest importance, as our 
Aphorism declares. That the groups which give their 
substantive names to every species which they include, 
should remain large. If, independently of the inevit- 
able increase of Genera by new discoveries, such old 
ones as Ficus, Begonia, Arum, Erica, &c. are divided 
into ID, 20, 30, or 40 independent Genera, with names 
and characters which are to be recollected before any 
one species can be spoken of; — ^if Genera are to be 
reckoned by tens of thousands instead of by thousands ; 
— ^the range of any individual botanist will be limited 
to a small portion of the whole field of the sciences* 

And in like manner with regard to Orders, so long 
as the number of Orders can be kept within, or not 
much beyond a couple of hundred, it may reasonably 
be expected that a botanist of ordinary capacity shall 
obtain a sufficient general idea of their nature and cha- 
racters to call them at any time individually to his mind 
for the purpose of comparison : but if we double the 
number of Orders, all is confusion. 

The inevitable confusion and the necessity of main* 
taining in some way the larger groups, have been per- 
ceived by those even who have gone the furthest in 
lowering the scale of Orders and Genera. As a remedy 
for this confusion, they propose to erect the old genera 
into independent orders^ and the old orders into classes 
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or divisions. But this is but an incomplete resumption 
of the old principles, without the advantage of the old 
nomenclature. 

And it will not be asserted, with regard to these new 
genera, formed by cutting up the old ones, that the new 
group is better defined than the group above it : on the 
contrary, it is frequently less so. It is not pretended 
that Urostigrria or Fhmmacoiyce^ new genera formed 
out of the old genus Ficvs, are better defined than the 
genus Ficua: or that the new genera which have lately 
been cut out of the old genus Begonia, foim more natu- 
ral groups than Begonia itself does. The principle 
which seems to be adopted in such subdivisions of old 
genera is this : that the lowest definable group above a 
species is a genus. If we were to go a step further, 
every species becomes a genus with a substantive name. 

It ought always to be recollected that though the 
analytical process carried to the uttermost, and separat- 
ing groups by observation of differences, is necessary for 
the purpose of ascertaining the fisicts upon which botany 
or any other classiticatory science is based, it is a judi- 
cious synthesis alone, associating individuals by the ties 
of language, which can enable the human mind to take 
a comprehensive view of these fects, to deduce from 
them the principles of the science, or to communicate 
to others either facts or principles. 

2. CoMPAJiATivE Anatomy, 

The Language of Botany, as framed by Linneeus, and 
regulated by his Canons, is still the most notable and 
successful example of scientific terminology which has 
obtained general reception among naturalists. But the 
Language of Anatomy, and especially of the Compara- 
tive Anatomy of the skeleton, has of late been an object 
of great attention to physiologists; and especially to 
Mr. Owen; and the collection of terms which he has 
proposed are selected with so much thought and care, 
that they may minister valuable lessons to us in this 
part of our subject. 

There is, at first sight, this broad difference between 
the descriptive language of Botany and of Comparative 
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Anatomy; that in the former science, we have com- 
paratively few parts to describe, {calyxy corolla, stamen, 
jdstU, pericarp, seed, &c.) : while each of these parts is 
susceptible of many forms, for describing which with 
precision many terms most be provided : in Comparative 
Anatomy, on the other hand, the skeletons of many ani- 
mals are to be regarded as modifications of a common 
type, and the terms by which their parts are described 
are to mark this community of type. The terminology 
of Botany has for its object description; the language 
of Comparative Anatomy must have for its basis mor- 
phology/. Accordingly, Mr. Owen's terms are selected 
so as to express the analogies, or^ as he calls them, the 
homologies of the skeleton; those parts of the skeleton 
beiQg termed homology^, which have the same place in 
the general type, and therefore ought to have the samo 
name. 

Yet this distinction of the basis of botanical and 
anatomical terminology is not to be pushed too far. 
The primary definitions in botany, as given by Lin- 
naeus, are foimded on morphological views; and imply 
a general type of the structure of plants. These are hi^ 
definitions {Phil, Bot Art. 86). 

Calyx, Cortex plantse in Fructificatione prsesens. 

Corolla, Liber plantse in Flora prsesens. 

Stamen, Viscus pro Pollinis prseparatione. 

PiSTiLLUM, Viscus fructui adherens pro Pollinis re- 
ceptione. 

Pericarpium, Viscus gravidum seminibus, qu» ma- 
tura dimittit. 

But in what follows these leading definitions, the 
terms are descriptive merely. Now in Comparative 
Anatomy, an important object of terms is, to express 
what part of the type each bone represents— to answer 
the question, what is it ? before we proceed, assuming 
that we know what it is, to describe its shape. The 
difficulty of this previous question is very great when 
we come to the bones of the head; and when we assume, 
as morphology leads us to do, that the heads of all 
vertebrated animals, including even fishes, are com- 
posed of homologous bones. And, as I have already 
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said in the History (b. xviL a 7), speaJdng of Animal 
Morphology, the best physiologists are now agreed that 
the heads of yertebrates may be resolved into a series 
of vertebr», homologically repeated and modified in 
different animals. This doctrine has been gradually 
making its way among anatomists, through a great 
variety of views respecting details; and hence, with 
great discrepancies in the language by which it has 
been expressed. Mr. Owen has proposed a complete 
series of terms for the bones of the head of all verte* 
brates ; and these names are supported by reasons which 
are fuU of interest and instruction to the physiologist, 
on account of the comprehensive and precise knowledge 
of comparative osteology which they involve ; but they 
are also, as I have said, interesting and instructive to 
us, as exemplifying tiie reasons which may be given for 
the adoption of words in scientific language. The rea- 
sons thus given agree with several of the aphorisms 
which I have laid down, and may perhaps suggest a 
few others. Mr. Owen has done me the great honour 
to quote with approval some of these aphorisms. The 
terms which he has proposed belong, as I have already 
said, to the Terminology, not to the Nomenclature of 
Zoology. In the latter subject, the Nomenclature (the 
names of species) the binary nomenclature estabH^ed 
by Idnnseus remains, in its principle, unshaken, simple 
and sufficient. 

I shall best derive from Mr. Owen's labours and re- 
flexions some of the instruction which they supply with 
reference to the Language of Science, by making re- 
marks on his terminology with reference to such apho-. 
risms as I have propounded on the subject^ and others 
of a like kind. 

Mr. Owen, in his Homologiea of the Tertehrate 
Skeleton, has given in a Tabular Form his views of 
the homology of the bones of the head of vertebrates, 
and the names which he consequently proposes for each 
bone, with the synonyms as they occur in the writings 
of some of the most celebrated anatomical philosophers, 
Cuvier, G^offroy, Kallmann, Meckel and Wagner, 
Agassiz and Soemmering. And he has added to this 
Table his reasons for dissenting from his predecessors 
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to the extent to which he has done so. He has done 
this, he says, only where nature seemed clearly to re- 
fuse her sanction to them; acting upon the maxim (our 
Aphorism X.) th»t new t^ms and changes of terms 
which are not needed in order to express truth, are to 
be avoided. The illustrations which I have there given, 
however, of this maxim, apply rather to the changes in 
nomenclature than in terminology; and though many 
considerations apply equally to these two subjects, there 
are some points in which the reasons differ in the two 
cases: especially in this point: — ^the names, both of 
genera and of species, in a system of nomenclature, may 
be derived from casual or arbitrary circumstances, as I 
have said in Aphorism XIII. But the terms of a scien- 
tific terminology ought to cohere as a system, and there- 
fore should not commonly be derived from anything 
casual or arbitrary, but from some analogy or con- 
nexion. Hence it seems unadvisable to apply to bones 
terms derived from the names of persons, as ossa war- 
miana; or even from an accident in anatomical his- 
tory, as 08 inrwrmmUwnfi, 

It is further desirable that in establishing such a 
terminology, each bone should be designated by a single 
word, and not by a descriptive phrase, consisting of 
subsi^mtive and adjective. On this ground Mr. Owen 
proposes preaphenoid for sphendide cmterieur. So also 
prefrontal is preferred to cmterior frorUal, and post- 
frontal to posterior frontal. And the reason which he 
gives for this is worthy of being stated as an Apho- 
rism, among those which should regtdate this subject. 
I shall therefore state it thus : 

Aphorism XXIV. 

It is advisable to substitute definite single names for de- 
scriptive phrases as better instruments of thought. 

It will be recollected by the reader that in the case of 
the Linnsean reform of the botanical nomenclature of 
species, this was one of the great improvements which 
was introduced. 

Again : some of the first of the terms which Mr. Owen 
proposes illustrate, and confirm by their manifest claim 
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to acceptance, a maxim which we stated as Aphorism 
XXIL; namely, 

When alterations in technical terms become neces- 
sary, it is desirable that the new term should contain 
in its form some memorial of the old one. 

Thus for * basilaire,' which Cuvier exclusively applies 
to the 'pars basilaris' of the occiput, and which Geof- 
frey as exclusively applies (in birds) to the * pars basi- 
laris' of the sphenoid, Mr. Owen substitutes the term 
bastocdpital. 

Again: for the term *suroccipital' of (Jeoflfroy, Mr. 
Owen proposes pa/roccipitdl, to avoid confusion and false 
suggestion : and with reference to this word, he makes 
a remark in agreement with what we have said in the 
discussion of Aphorism XXL: namely, that the combi- 
nation of different languages in the derivation of words, 
though to be avoided in general, is in some cases admis- 
sible. He says, * If the purists who are distressed by 
such harmless hybrids as "mineralogy," "terminology," 
and "mammalogy," should protest against the com- 
bination of the Greek prefix to the Latin noun, I can 
only plead that servility to a particular source of the 
fluctuating sounds of vocal language is a matter of taste : 
and that it seems no unreasonable privilege to use such 
elements as the servants of thought ; and in the interests 
of science to combine them, even though they come 
from different countries, when the required duty is best 
and most expeditiously performed by their combina- 
tion.' 

So again we have illustrations of our Aphorism XIL, 
that if terms are systematically good they are not to be 
rejected because they are etymologically inaccurate. In 
reference to iiiat bone of the skull which has commonly 
been called vomer y the ploughshare : a term which Geof- 
frey rejected, but which Mr. Owen retains, he says, 
* When G^eoflfroy was induced to reject the term vomer 
as being applicable only to the pecidiar form of the bone 
in a sinall portion of the vertebrata, he appears not to 
have considered that the old term, in its wider applica- 
tion, would be used without reference to its primary 
allusion to the ploughshare, and that becoming, as it 
NOV. OBG, 23 
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has, a purely arbitrary term, it is superior and prefer- 
able to any partially descriptive one.' 

Another condition which I have mentioned in Aph- 
orism XX., as valuable in technical terms is, that they 
should be susceptible of such grammatical relations as 
their scientific use requires. 

This is, in fact, one of the grounds of the Aphorism 
which we have already borrowed from Mr. Owen, that 
we are to prefer single substantives to descriptive 
phrases. For from such substantives we can derive 
adjectives, and other forms; and thus the term becomes, 
as Mr. Owen says, a better instrument of thought. 
Hence, he most consistently mentions it as a recom- 
mendation of his system of names, that by them the 
results of a long series of investigations into the spe- 
cial homologies of the bones of the head are expressed 
in simple and definite terms, capable of every requisite 
inflection to express the proportion of the parts. 

I may also, in reference to this same passage in Mr. 
Owen's appeal in behalf of his terminology, repeat what 
I have said under Aphorism X. : that the persons who 
may most properly propose new scientific terms, are those 
who have much new knowledge to communicate: so 
that the vehicle is commended to general reception by 
the value of what it contains. It is only to eminent dis- 
coverers and profound philosophers that the authority 
is conceded of introducing a new system of terms; just 
as it is only the highest authority in the state which has 
the power of putting a new coinage into circulation. 
The long series of investigations of which the results are 
contained in Mr. Owen's table of synonyms, and the phi- 
losophical spirit of his generalizations, entitles him to a 
most respectful hearing when he appeals to the Profes- 
sors and Demonstrators of Human Anatomy for an un- 
biassed consideration of the advantages of the terms 
proposed by him, as likely to remedy the conflicting 
and unsettled synonymy which has hitherto pervaded 
the subject. 

There is another remark which is suggested by the 
works on Comparative Anatomy, which I am now con- 
iPidering. I have said in various places that Technical 
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Terms are a necessary condition of the progress of a sci-* 
ence. But we may say much more than this : and the 
remark is so important, that it deserves to be stated as 
one of our Aphorisms, as follows ; 



Aphobism XXV, 

In an advanced Science^ the history of the Language of 
the Science is the history of the Science itself 

I HAVE already stated in previous Aphorisms (VIII. 
and XI.) that Terms must be constructed so as to 
be fitted to enunciate general propositions, and that 
Terms which imply theoretical views are admissible for 
this purpose. And hence it happens that the history of 
Terms in any science which has gone through several 
speculative stages, is really the history of the gene- 
ralizations and theories which have had currency 
among the cultivators of the science. 

This appears in Comparative Anatomy from what we 
have been saying. The recent progress of that science 
is involved in the rise and currency of the Terms which 
have been used by the anatomists whose synonyms Mr. 
Owen has to discuss; and the reasons for selecting among 
these, or inventing others, include those truths and gene- 
ralizations which are the important recent steps of the 
science. The terms which are given by Mr. Owen in his 
table to denote the bones of the head are good terms, if 
they are good terms, because their adoption and use is 
the only complete way of expressing the truths of homo- 
logy : namely, of that Special Homology, according to 
which all vertebrate skeletons are referred to the human 
skeleton as their type, and have their parts designated 
accordingly. 

But further : there is another kind of homology which 
Mr, Owen calls General Homology, according to which 
the primary type of a vertebrate animal is merely a series 
of vertebrse; and all limbs and other appendages are 
only developements of the parts of one or another of the 
vertebrae. And in order to express this view, and in 
proportion as the doctrine has become current amongst 

23—2 
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anatomists, the parts of vertebrae have been described by 
terms of a degree of generality which admit of such an 
interpretation. And here, also, Mr. Owen has pro- 
posed a terminology for the parts of the vertebrae, which 
seems to convey more systematically and comprehen- 
sively than those of preceding writers the truths to 
which they have been tending. Each vertebra is com- 
posed of a cefrUrwm, neurdpophysisypa/rapophyaisyplewran 
pophysiSy hcemaphysis, neu/ral spine, and hasmcd spine, 
with certain exogenous parts. 

The opinion that the head^ as well as the other parts 
of the fi:ame of vertebrates, is composed of vertebrae, is 
now generally accepted among philosophical anatomists. 
In the History {Hist. I. S. b. xvii. c. 7, sect, i), I have 
mentioned this opinion as proposed by some writers; 
and I have stated that Oken, in 1807 published a * Pro- 
gram* On the signification of the bones of the SkuU, in 
which he maintained, that these bones are equivalent to 
four vertebrae : while Meckel, Spix, and Greofiroy took 
views somewhat different. Ouvier and Agassiz opposed 
this doctrine, but Mr. Owen has in his Archetype and 
Homologies of the Vertebrate Skeleton (1848), accepted 
the views of Oken, and argued at length against the 
objections of Ouvier, and also those of Mr. Agassi z. 
As I have noted in the last edition of the History of 
the Inductive Sciences (b. xvii c. 7), he gives a Table in 
which the Bones of the Head are resolved into four ver- 
tebrae, which he terms the Occipital, Parietal, Frontal 
and Nasal Vertebrae respectively : the neural arches of 
which agree with what Oken called the Ear-vertebra, the 
Jaw- vertebra, the Eye-vertebra, and the Nose-vertebra. 

Besides these doctrines oi Special Homology by which 
the bones of all vertebrates are referred to their corre- 
sponding bones in the human skeleton, and of General 
Homology, by which the bones are referred to the parts 
of vertebrae which they represent, Mr. Owen treats of 
Serial Homology, the recognition of the same elements 
throughout the series of s^ments of the same skeleton ; 
as when we shew in what manner the arms correspond 
to the legs. And thus, he says, in the head also, the 
hadoccipital, basisphenoid, presphenoid and vomer are 
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homotypes with the cerUriuma of all succeeding verte- 
brae. The exocdpUdUy alisphenoidsy orbitosphenoidsy 
and j^re/rontcUsy are homotypes with the neurapophyses 
of all the succeeding vertebwB. The paroccipUalsy 
mactoids and postfrarUalay with the tra/nsverse processes 
of all the succeeding vertebrae : and so on. Perhaps 
these examples may exemplify sufficiently for the general 
reader both Mr. Owen's terminology, and the intimate 
manner in which it is connected with the widest gene- 
ralizations to which anatomical philosophy has yet been 
led. 

The same doctrine, that the history of the Language 
of a Science is the history of the Science, appears also 
in the recent progress of Chemistry; but we shall be 
better able to illustrate our Aphorism in this case by 
putting forward previously oiie or two other Aphorisms 
bearing upon the history of that Science. - 

Aphorism XXYI. 

In the Terminology of Seienee it may be necessary to 
employ Utters^ numherst and algebraical symbols. 

I. Mineralogy. 

I HAVE already said, in Aphorism XY., that sym- 
bols have been found requisite as a part of the ter- 
minology of Mineralogy. The names proposed by 
HaUy, borrowed from the crystalline laws, were so 
inadequate and unsystematic that they could not be 
retained. He himself proposed a nota>tion for crystal- 
line forms, founded upon his principle of the deriva- 
tion of such forms from a primitive form, by decre- 
inentSy on its edges or its a/ngles. To denote this deri- 
vation he took the first letters of the three syllables to 
mark the faces of the PriMiTive form, P, M, T; the 
vowels Ay Ey ly to mark the angles ; the consonants 
By Cy By &c. to mark the edges; and numerical expo- 
nents, annexed in various positions to these letters, 
represented the law and manner of derivation. Thus 

1 
when the primitive form was a cube, B represented 
the result of a derivation by a decrement of one row 
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1 
on an edge; that is, a rhombic octahedron; and BP 
represented the combination of this octahedron with 
the primitive cube. In this way the pentagonal 
dodecahedron, produced * by decrements of 2 to i 
on half the edges of the cube, was represented by 

Not only, however, was the hypothesis of primitive 
forms and decrements untenable, but this notation 
was too unsystematic to stand long. And when Weiss 
and Mohs established the distinction of Systems of 
Crystallography*, they naturally founded upon that dis- 
tinction a notation for crystalline forms. Mohs had 
several followers; but his algebraical notation so bar- 
barously violated all algebraical meaning, that it was 
not likely to last. Thus, from a primitive rhombo- 
hedron which he designated by i?, he derived, by a 
certain process, a series of other rhombohedrous, which 
he denoted by i?+ i, It-¥2y R— i, &c.; and then, by 
another mode of derivation from them, he obtained 
forms which he marked as (22+2)*, (i?4- 2)*, <kc. In 
doing this he used the algebraical marks of addition 
and involution without the smallest ground; besides 
many other proposals no less transgressing mathe- 
matical analogy and simplicity. 

But this notation might easily suggest a better. If 
we take a primitive form, we can generally, by two 
steps of derivation, each capable of numerical measure, 
obtain any possible face; and therefore any crystalline 
form bounded by such feces. Hence all that we need 
indicate in our crystalline laws is the primitive form, 
and two numerical exponents; and rejectiDgall super- 
fluity in our symbols, instead of (R + 2)* we might 
write 2 i? 3. Nearly of this kind is the notation of 
Naumann. The systems of crystallization, the octa- 
hedral or tessular, the rhombic, and the prismatic, are 
marked by the letters 0, i?, P; and from these are 
derived, by certain laws, such symbols as 
30i, a)i2 2, iP2, 



1 Hid. Ind. Sc b. xv. c 4. 
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which have their definite signification flo^7ing from 
the rules of the notation. 

But Professor Miller, who has treated the subject 
of Crystallography in the most general and symme- 
trical manner, adopts the plan of marking each crys- 
talline plane by three numerical indices. Thus in the 
Octahedral System, the cube is {100}; the octahedron 
is {hi}; the rhombic dodecahedron is {on}; the 
pentagonal dodecahedron is ^ {012}; where ir indi- 
cates that the form is not hohhedrcU but hemihedrat, 
only half the number of faces being taken which the 
law of derivatioii would give. This system is the 
most mathematically consistent, and afibrds the best 
means of calculation, as Professor Miller has shown; 
but there appears to be in it this defect, that though 
an essential part of the scheme is the division of crys- 
talline forms into Systems, — ^the Octahedral, Pyra- 
midal, Rhombohedral and Prismatic, — ^this division 
does not at all appear in the notation. 

But whatever be the notation which the crystal- 
lographer adopts, it is evident that he must employ 
some notation ; and that, without it, he will be unable 
to express the forms and relations of forms with which 
he has to deal. 

2. Chemistry. 

The same has long been the case in Chemistry. 
As I have stated elsewhere', the chemical nomencla- 
ture of the oxygen theory was for a time very useful 
and effective. But yet it had defects which could not 
be overlooked, as I have already stated under Apho- 
rism 11. The relations of elements were too nume- 
rous, and their numerical properties too important, to 
be expressed by terminations and other modifications 
of words. Thus the compounds of Nitrogen and 
Oxygen are the Protoxide, the Deutoxide, Nitrous 
Acid, Peroxide of Nitrogen, Nitric Acid. The sys- 
tematic nomenclature here, even thus loosely extended, 
does not express our knowledge. And the Atomic 
Theory, when established, brought to view numerical 
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relations which it was very important to keep in 
sight. If ^ represents Nitrogen and Oxygen, the 
compounds of the two elements just mentioned might 
be denoted by N+Oylf-^ 2O, iV^+ 3O, iV^+ 4O, iV^+ 5a 
And by adopting a letter for each of the elementary 
substances, all the combinations of them might be ex- 
pressed in this manner. 

But in chemistry there are different orders of com- 
bination. A salt, for instance, is a compound of a 
base and an acid, each of which is already compound. 
If Fe be iron and be carbon, Fe-k-0 will be the pro- 
toxide of iron, and G-h.20 will be carbonic acid; and 
the carbonate of iron (more properly carbonate of 
protoxide of iron), may be represented by 

(^e+0) + ((7+20) 
where the brackets indicate the first stage of compo- 
sition. 

But these brackets and signs of addition, in complex 
cases, would cumber the page in an inconvenient de- 
gree; and oxygen is of such very wide occurrence, that 
it seems desirable to abridge the notation so far as it 
is concerned. Hence Berzelius proposed ° that in the 
first stage of composition the oxygen should be ex- 
pressed by dots over the letter; and thus the car- 
bonate of iron would be Fe + 0. But Berzelius 
further introduced into his notation indexes such as 
in algebra denote involution to the square, cube, &c. 
Thus Cu being copper, the sulphate of copper is repre- 
sented by S^Gu, This notation, when first proposed, 
was strongly condemned by ikiglish chemists, and 
Berzelius*s reply to them may be taken as stating the 
reasons in favour of such notation. He says*, *We 
answer to the opponents, that undoubtedly the mat- 
ter may be looked at in various lights. The use 
of Formulae has always, for a person who has not 
accustomed himself to them, something repulsive; but 
this is easy to overcome. I agree with my opponent. 



* System of Mineralogy^ i8id 

* Jahret^)ericMt 1824, p. 11^ 
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who says that nothing can be understood in a Formtda 
which cannot be expressed in words; and that if the 
words express it as easily as the Formula, the use of 
the latter would be a foDy. But there are cases in 
which this is not so; in which the Formula says in a 
glance what it would take many lines to express in 
words; and in which the expression of the Formula is 
clearer and moxe easily apprehended by the reader 
than the longer description in words. Let us examine 
such a Formula, and compare it with the equivalent 
description in words.. Take, for example, crystallized 
sulphate of copper, of which the Formula is 

Cu S'-^ JO E'O. 

Now this Formula expresses the following proposi- 
tioiis: 

'That the salt consists of one atom of copper-oxide 
combined with 2 atoms of sulphuric acid and with 10 
atoms of water; that the copper-oxide contains two 
atoms of oxygen; and that the sulphuric acid contains 
3 atoms of oxygen for one atom of sulphur; that its 
oxygen is three times aa much as that of the oxide ; 
and that the number ef atoms of oxygen in the acid is 
6; and that the number of atoms of oxygen in the 
water is 10; that is, 5 times the number in the oxide; 
and that finally the salt contains, of simple atoms, i 
copper, 2 sulphur, 20 hydrogen, and 18 oxygen. 

' Since so much is expressed in this brief Formula, 
how very long would the explanation be for a more 
composite body, for example. Alum; for which the 
Formula is 

It would take half a page to express all which this 
Formula contains. 

* Perhaps it may be objected that it is seldom that 
any one wants to know aU this at once. But it might 
reasonably be said in reply, that the peculiar value of 
the Formula consists in this, that it contains acnswers 
to all the questions which can be asked with regard 
to the composition of the body. 



Digitized 



by Google 



362 FURTHER ILLUSTRATIONS CONCBRNING 

^ But these Formulse have also another application^ 
of which I have sometimes had occasion to make use. 
Experiments sometimes bring before us combinations 
which cannot be foreseen from the nomenclature, and 
for which it is not always easy to find a consistent 
and appropriate name. In writing, the Formula may 
be applied instead of a Name : and the reader under- 
stands it better than if one made a new nama In 
my treatise upon the sulphuretted alkalies I found 
Degrees of Sulphur-combination, for which Nomen- 
clature has no name. I expressed them, for example, 
by KS^y KS^, KS'% and I beUeved that every one un- 
derstood what was thereby meant. Moreover, I found 
another class of bodies in which an electro-negative 
sulphuretted metal played the part of an Acid with 
respect to an electro-positive sulphuretted metal, for 
which a whole new nomenclature was needed; while 
yet it were not prudent to construct such a nomencla* 
ture, till more is known on the subject. Instead of 
new names I used formulse ; for example, 

instead of saying the combination of 2 atoms of Sul* 
phuret of Arsenic containing 3 atoms of Sulphm% 
with one atom of Sulphuret of Potassium (Kali) with 
the least dose of sulphur.' 

Berzelius goes on to say that the English chemists 
had found themselves unable to find any substitutes 
for his formulce when they translated his papers. 

Our English chemists have not generally adopted 
the notation of oxygen by dots; but have employed 
commas or full stops and symbols (,.or . and +), to 
denote various degrees of union, and numerical in- 
dices. Thus the double sulphate of copper and potash 
iaGuO,SO,-hKO,SO^. 

What has been said is applicable mainly to inorganic 
bodies (as salts and minerals) ^ In these bodies there 
is (at least according to the views of many intelligent 
chemists) a hina/ry plan of combination, union taking 
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place between pewrs of elements, and the compoundd 
so pfToduced again uniting themselves to other com- 
pound bodies in the same manner. Thus, in the above 
example, copper and oxygen combine into oxide of 
copper, potassium and oxygen into potash, sulphur 
and oxygen into sulphuric acid ; sulphuric acid in its 
turn combines both with oxide of copper and oxide 
of potassium, generating a pair of s^ts which are 
capable of uniting to form the double compound 
CuO,SO^ + KO,SO,. 

The most complicated products of inorganic che- 
mistry may be thus shown to be built up by this 
repeated pairing on the part of their constituents. 
But with organic bodies the case is remarkably differ- 
ent; no such arrangement can here be traced. In 
sugar, which is C^^ H^^ 0^^, or morphia**, which is 
0^ H^ NO^i the elements are as it were bound toge- 
ther into a single whole, which can enter into combi- 
iiation with other substances, and be thence discharged 
with properties unaltered; the elements not being 
obviously arranged in any subordinate groups. Hence 
the symbols for those substances are such as I have 
given above, no marks of combination being used. 

It is perhaps a consequence of this peculiarity that 
organic compounds are unstable in comparison with 
inorganic. In unorganic substances generally the ele- 
ments are combined in such a way that the most 
powerful affinities are satisfied^, and hence arises a' 
state of very considerable permanence and durabi- 
lity. But in an organic substance containing three 
or four elements, there are often opposing affinities 
nearly balanced, and when one of these tendencies by 
some accident obtains a preponderance and the equili- 
brium is destroyed, then the organic body breaks up 
into two or more new bodies of simpler and more per- 
manent constitution. 

There is another property of many organic sub- 
stances which is called the Law of Su^stittUian. The 



• Fownes's Chemistry^ p. 354. 
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Hydrogen of the organic substance may often be re- 
placed by Chlorine, Bromine, Iodine, or some other 
elements, without the destruction of the primitive 
type or constitution of the compound so modified. 
And this substitution may take place by several suc- 
cessive steps, giving rise to a series of substitution- 
compounds, which depart more and more in properties 
from the original substance. This Law also gives rise 
to a special notation. Thus a certain compound called 
Dutch liquid has the elements G H^ Gl^ : but this sub- 
stance is affected by chlorine {Gt) in obedience to the 
law of substitution; one and two equivalents of hy- 
drogen being successively removed by the prolonged 
action of chlorine gas aided by sunshine. The succes- 
sive products may be thus written 

Perhaps at a future period, chemical symbols, and 
especially those of organic bodies, may be made more 
systematic and more significant than they at pres^it 
are. 



Aphobism XXYIL 

In wing algebraical stfvnhoh <u a part of seienti/ic 
language, violations of algebraical amalogy art to be avoided^ 
but may be admitted when necessary. 

As we must in scientific language conform to ety- 
mology, so must we to algebra; and as we are not to 
make ourselves the slaves of the former, so also, not to 
the latter. Hence we reject such crystallographical 
notation as that of Mohs; and in chemistry we use 
G^ 0^ rather than G% 0®, which si^iify the square 
of G and the cube of 0. But we may use, as we have 
said, both the comma and the sign of addition, for 
chemical combination, for the sake of brevity, though 
both steps of combination are really addition. 
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Aphorism XXYIII. 

In a complex sdencey which is m a state of transitiorif 
capricious and detached derivations of terms are common ; 
hut are not satisfactory. 

In this remark I have especial reference to Chemis- 
try; in which the discoveries made, especially in orga- 
nic chemistry, and the difficulty of reducing them to a 
system, have broken up in several instances the old 
nomenclature, without its being possible at present to 
construct a new set of terms systematically connected. 
Hence it has come to pass that chemists have con- 
structed words in a capricious and detached way: as 
by taking fragments of words, and the lika I shall 
give some examples of such derivations, and also of 
some attempts which have more of a systematic cha- 
racter. 

I have mentioned (Aph. XY. sect. 7) the word EU 
logic (acid), made by inverting the word Galle. Several 
words have recently been formed by chemists by 
taking syllables from two or more different words. 
Thus Chevreul discovered a substance to which he gave 
the name Ethol, from the first syllables of the words 
ether and alcoholy because of its analogy to those liquids 
in point of composition*. So Liebig has the word 
chloral^, 

Liebig, examining the product of distillation of alco- 
hol, sulphuric acid and amber, found a substance which 
he termed AJdehyd, from the words -i^cohol dehydr- 
rogenated^ This mode of making words has been 
strongly objected to by Mr. Dumas*. Still more has 
he objected to the word Mercaptan {pi Zeise), which 



1 Turner's Chemistry, 1834, p. 955. 

* Berselins* Jahr&imiektt xv. p. 373, 
» Ibid, xvi p. 308. 

* LefOTM de C/iimi«, p. 334. 
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lie says rests upon a mere play of words; for it means 
both mercurium captana and mercurio aptum, 

Dumas and Peligot, working on pyroUgneous acids, 
found reason to believe the existence of a substance^ 
which they called rndhylene, deriving the name from 
methyy a spirituous fluid, and hyle^ wood. Berzelius 
remarks that the name should rather be rnethyly and 
that v\ri may be taken in its signification of matter, to 
imply the Radical of Wine : and he proposes that the 
older -^ther-Eadical, G^ H^^ shall be called jEthyl^ 
the newer, C^ ff^, Melhyl, 

This notion of marHng by the termination yl the 
hypothetical compound radical of a series of chemical 
compounds has been generally adopted; and, as we see 
from the above reference, it must be regarded as re- 
presenting the Greek word vKi) : and such hypothetical 
radicals of bases have been termed in general hasyh, 

Bunsen obtained from Cadet's fuming liquid a suIh 
stance which he called Alka/rdn (a^A»li-ar«enic?) : and 
the substance produced from this by oxidation he 
called Alkargen\ Berzelius was of opinion, that the 
true view of its composition was that it contained a 
compound ternary radical «» 0* W^ A^j afber the man- 
ner of organic bodies; and he proposed for this the 

name^ Kakodyl, Alkarsin is Kakodyl-oxyd, Kd. Al- 

kargen is Kiikodyl-acid, Kd. 

The discovery of Kakodyl was the first instance of 
the insulation of an organic metallic basyP, 

The first of the Hydrocarbon Eadicals of the Al- 
cohols was the radical of Tetrylic alcohol obtained by 
Kolbe fr^m Valerate of Potash, and hence called Valyl 

ClUorqform is jperchloride of formyl^ the hypothetic 
pal radical of formic acid®. 



* BeKelius' JaA«%«&ertc^ xv. (1836). 

« IMd xvliL p. 497. 

^ IMd, XX. p. 527. 

» MiUer's Chemistry, iU. 220. 

' Dumas, Lefons awr la PhU, CMm. p. 356. 
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The discovery of such bases goes back to 1815. 
The substance formerly called Prussiate of Mercury^ 
being treated in a particular manner, was resolved into 
metallic mercury and Gycmogen, This substance, Cyor 
nogen, is, acconting to the older nomenclature, Bicar^ 
hy/ret of Nitrogen; but chemists are agreed that its 
most convenient name is Cyanogen, proposed by its 
discoverer, Gay-Lussac, in 181 5***. The importance 
of the discovery consists in this; that this substance 
was the first compound body which was distinctly 
proved to enter into combination with elementary suISh 
stances in a manner similar to that in which they 
combine with each other. 

The truth of our Aphorism (XXV.) that in such a 
science as chemistry, the history of the scientific nomen- 
clature is the histc«y of the science, appears from this; 
that the controversies with respect to chemical theories 
and their application take the form of objections to the 
common systematic names and proposals of new names 
instead. Thus a certain compound of potassa, sulphur,, 
hydrogen, and oxygen, may be regarded either as ffy- 
drosidphate 0/ Potassa, or as Sulphide o/Potassitmi in 
sohUion, according to different views". In some cases 
indeed, changes are made merely for the sake of clear- 
ness. Instead of HydrocMoric and ffydrocya/nic acid, 
many French writers, following Thenard, transpose the 
elements of these terms ; they speak of Chlorhydric and 
Oyanhydric acid ; by this means they avoid any ambi- 
guity which might arise from the use of the prefix 
Hydro, which has sometimes been applied to compounds 
which contain water ^*. 

An incompleteness in chemical nomenclature was 
further felt, when it appeared, from the properties of 
various substances, that mere identity in chemical 
composition is not sufficient to produce identity of 
chemical character or properties . The doctrine of 



v^ Tnrnei's Chemistry (1834), p. 420. Miller's Ch&nistry, IL G6. 
u Miller's Chemistry, voL ii p. 583. 
l»I6idiL433. i»JWd.iL6s3. 
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the existence of oompounds identical in ultimate com- 
position, but different in chemical properties, was 
termed Isomerism. Thus chemists enumerate the fol- 
lowing compounds, all of which contain carbon and 
hydrogen in the proportion of single equiyalents of 
each**: — Methylene, Ole^cmt gas, Propylensy Oil gae, 
AmyleMy Ca/proylme, Ncbphthene^ JEleene, Peramylene, 
Getylene, Gerotyleney Meliesine, 

I will, in the last place, propound an Aphorism 
which has already offered itself in considering the 
history of Chemistry^', as having a special bearing upon 
that Science, but which may be regarded as the su* 
preme and ultimate rule with regard to the language 
of Science, 

Aphorism XXIX. 

In leammg the meaning ofSeientiJie Terms^ the hiatary of 
Bcienee is our Dictionary: the steps qfsdentifie induction arc 
our Definitions. 

It is usual for imscientific readers to complain that 
the technical terms which they meet with in books of 
science are not accompanied by plain definitions such as 
they can understand. But such definitions cannot be 
given.. For definitions must consist of words; and, in 
the case of scientific terms, must consist of words which 
require again to be defined : and so on, without limit. 
Ulementa/ry suhstcmoes in chemistry, for instance, what 
are theyl The substances into which bodies can be 
cmcbtysedy and by the junction of which they are comr- 
posed. But what is cmcUysis ? what is composition ? We 
have seen that it required long and laborious courses of 
experiment to answer these questions; and that finally 
the balance decided among rival answers. And so it 
is in other cases. In entering upon each science, we 
come upon a new set of words. And how are we to learn 



i« Bimer's Chmidry, IL 654. 
1* Hut. Ind. Sc b. 3dv. a i. 
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the meaning of this collection of wordsl In what other 
language shall it be explained ? In what terms shall we 
def^e these new expressions ? To this we are compelled 
to reply, that we cannot translate these terms into any 
ordinary or familiar language. Here, as in all other 
branches of knowledge, the meaning of words is to be 
sought in the progress of thought. It is only by going 
back through the successful researches of men respect- 
ing the c(mvpo«ii/ion and demefrvbs of bodies, that we can 
learn in what sense such terms can be understood, so as 
to convey real knowledge. In order that they may have 
a meaning for us, we must inquire what meaning they 
had in the minds of the authors of our discoveries. And 
the same is the case in 'other subjects. To take the in- 
stance of Morphology. When the beginner is told that 
every group of animals may be reduced to an Archetype, 
he will seek for a definition of Archetype. Such a defi- 
nition has been offered, to this effect : the Archetype of 
a group of animals is a diagram embodying all the organs 
and parts which are foimd in the group in such a rela- 
tive position as they would have had if none had at- 
tained an excessive development. But, then, we are led 
Airther to ask. How are we in each case to become ac- 
quainted with the diagram; to know of what parts it 
consists, and how they are related ; and further; 
What is the standard of excess? It is by a' wide 
examination of particular species, and by several suc- 
cessive generalizations of observed fiicts, that we are led 
to a diagram of an animal form of a certain kind, (for 
example, a vertebrate;) and of the various ways, exces- 
sive and defective, in which the parts may be developed. 
This craving for definitions, as we have already said, 
arises in a great degree from the acquaintance with geo- 
metry which most persons acquire at an early age. 
The definitions of geometry are easily intelligible by a 
beginner, because the idea of space, of which they are 
modifications, is clearly possessed without any special 
culture. But this is not and cannot be the case in other 
sciences founded upon a wide and exact observation of 
fishcts. 

NOV. OBO. 24 
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It was formerly said that there was no Boyal Koad 
to Geometry: in modem times we have occasion often 
to repeat that there is no Popular' Road — ^no road easy, 
pleasant, offering no difficulty and demanding no toil, — 
to Comparative Anatomy, Chemistry or any other of 
the Inductive Sciences. 



THE END. 
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